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(1) 

wherein M is a transition metal of Group IVa. Group Va or Group Vta of the periodic table : 
each R\ which may be identical or different, is a hydrocarbon group of 2 to 6 carbon atoms ; 
each R*, which may be identical or different, is an aryl group of 6 to 16 carbon atoms, which may be 

unsubstituted or substituted with a halogen atom, a hydrocartxjn group of 1 to 20 carbon atoms or an 

organosilyl group ; 

k "^^ ^ Mentical or different, are each a hydrogen atom, a halogen atom» a 

nydroearbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 cartMn atoms, 
an oxygen-containing group or a sul(ur-contalning group ; and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon 
group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent geimaniunvcontaining 
group. -0-. -CO-. -S-. -SO-. -SOr. -NR\ -P(R3)-, -PiOXR'K -BR'- or -AIR'-, wherein R' Is a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarton 
group of 1 to 20 carbon atoms. 
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FIELD OF THE INVENTION 

The present invention relates to a novel transition metal compound, an olefin polymerization catalyst conv 
ponenl comprising the transition metal compound, an olefin polymerization catalyst containing the catalyst 
component and a process for olefin polymerization using the olefin polymerization catalyst. The Invention also 
relates to a propylene homopolymer. a propylene copolymer and a propylene elastomer, all having a high triad 
tacticity of the propylene units chain, and low in an amount of inversely inserted propylene units. 

BACKGROUND OF THE INVENTION 

A well known homogeneous catalyst Is. for example, so-called Kamlnsky catalyst Use of this Kaminsky 
catalyst produces a polymer having an extremely high polymerization activity and a narrow molecular weight 
distribution. 

Of the Kaminsky catalysts, ethylenebis(indenyl>-2irconium dichloride and elhy!enebi8(4,5.8.7-letrahy- 
droindenyl)zirconlum dichloride are known as transition metal compounds for preparing isotactic polyolef ins. 
as described in Japanese Patent t-aid-Open Publication No. 130314/1986. However, polyolef Ins prepared by 
the use of these catalysts generally have a low stereoregularily and a low molecular weight As a process for 
preparing polyolef ins of high stereoregularity and high molecular weight using these catalyst there Is a process 
in which the polymerization is conducted at a low temperature, but this process has a problem of low polymer- 
ization activity. 

It is known that use of hafnium compounds in place of the zirconium compounds makes it possible to pre- 
pare a polymer having high molecular weight as described in "Journal of Molecular Catalysis", 56 (1989), pp. 
237-247, but this process also has a problem of low polymerization activity. Further, dimethylsllyl bissubsti- 
tuted cydopentadienyt zirconium dichloride is also known as described in Japanese Patent Laid-open Pubtio- 
at»n No. 301704/1989 and 'Polymer Preprints", Japan, vol. 39. No. 6, pp. 1.614-1,616 (1990), but this com- 
pound is notsatisfactory in all of polymerization activity, and stereoregularity and molecularweight of polymers 
obtained. 

In order to soke these problems, various proposals have been made. For example, Japanese Patent Laid- 
Open Publicatton 268307/1993 describes an olefin polymerization catalyst formed from a metailocene com- 
pound represented by the following formula and aluminoxane as a catalyst capable of preparing a high moleo- 
ular polyolef in. 



a a 

Zr 




Me ^4c 



Further. EP 0 530 648 A1 describes an olefin polymerization catatystformed from a metailocene compound 
represented by the following formula and aluminoxane. 
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15 wherein A is a tower atkyi group. 

However, the stereoregularity and the molecular weight of the polyofef in obtained by the use of these cat- 
alysts are not always satisfactorily, and the amount of inversely inserted units is still too large. 

Moreover, a catalyst component (wherein. A is a phenyl group or naphthyl group in the aforementioned 
metallocene compound) is published from HOECHST AKTIENGESELLSCHAFTat40 YEARS ZIEGLERCAT- 
20 ALYST IN HONOR OF KARL ZIEGER AND WORKSHOP (SEP. 1 - 3. 1993). 

Furthermore, EP 0 576 970 A1 describes an olefin polymerization catalyst formed from a metattocene com- 
pound represBnted by the following formula and an alummoxane. 




wherein is a transition metal atom, R^ and R^ are each a holagen atom, etc., Rs is an alkyi group of 1 to 10 
90 carbon atoms, etc., R* to R^^ are each an alkyI group of 1 to 1 0 carbon atoms etc.. R^* is a hydrocarbon group 
or a silicon containing group. 

However, the stereoregularity of the pofyolef in obtained by the use of these catalysts are not ahways sat* 
Isfactodly. and the amount of inversely inserted units is still too large. 

in the light of such prior arts as described above, the present Inventors have found that polymerization 
55 activity of the catalyst component comprising the aforementioned transition metal compound is depending 
upon the kind of substituenton the indenyl group, and varied markedly in the stereoregularity and the amount 
of the inversely Inserted units of the resulting polyolef in. Further, the inventors have also found that the tran- 
sition metal compound having indenyl groups containing a spedf ic substituent as a ligand is excellent olefin 
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polymefization activity, and is capable of gfving an olefin polymerization catalyst which provides an olefin poly- 
mer having high stereoregularity and low in the amount of Inversely inserted units. 

Propylene polymers, especially propylene homopolymere. have been applied to various uses such as in- 
dustrial parts, containers, films and nonwoven fatHlcs. because of their excellent rigidity, surface hafdness. 
heat resistance, glossiness and transparency. 

However, the conventional propylene homopolymer is not always suffldent in transparency, impact resis- 
tance, etc for some uses, and therefore the advent of a propylene polymer excellent in rigidity, heat resistance, 
surface hardness, glossiness, transparency and impact strength is desired. 

Moreover, the physical properties of the copolymerB of propylene and an a-olefin other than propylene 
vary depending on composition thereof, and hence the copolymers are generally distinguishable from each 
other bordering the monomer content derived from the a-olef in other than propylene of 5% by md. 

Propylene copolymers containing monomer units derived from a-olef in other than propylene in an amount 
of less than 5% by mot have been applied to various uses such as containers and packaging materials (e.g.. 
films), because of their excellent rigidity, surface hardness, heat resistance, transparency and heat-sealing 
property. However, vi^en the copolymer is used as a film, the resulting film is not ahrays sufficient in trans- 
parency, heat-sealing property, anti-blocking property, anti-bleedout property and impact strength. Therefore, 
a propylene copolymer further improved in transparency, rigidity, surface hardness, heat resistance and heat- 
sealing property, and having excellent anti-blocking property, anti-bleedout property and Impact strength Is 
desired. 

In contrast, propylene copolymers containing mononer units derived from a-olef In other than propylene 
in an amount of more than 5% by mol have been applied to various uses such as films, heat-sealing layers of 
laminated films, and modifiers fbrlmproving impact resistance and antl-heat-sealing property of thermoplastic 
reams, because of theb-excellent transparency, heat-sealing property at low temperature, environmental aging 
property and imped absorbing capacity. However, the conventional propylene copolymer is not always suffi- 
cient in transparency, heat-sealing properties at low temperature, anti-blocking properties, bleedout resis- 
tance, impad strength, etc for some uses, and the modiflera therefrom are not always sufficient in effed of 
improving heat-sealing property at low temperature and impad strength. Therefore, there has been demanded 
a propylene copolymer further improved in transparency, environmental aging property and impact strength,, 
and having excellent in effed of improving heat-sealing property at low temperature and Impad strength. 

In the light of such circumstances as described above, the present inventora have further studied, end as 
a result, they have found that a propylene homopolymer obtained by homopolymerizatfon of propylene In the 
presence of an olefin polymerization catalyst containing a specific transition metal compound, and a propylene 
copolymer obtained by copolymerizatlon of propylene and at least one kind of a-def in seleded from the group 
consisting of ethylene and a-olef Ins having 4 to 20 carbon atoms satisfy the above mentioned requisites. 

A propylene/ethylene random copolymer containing a small amount of ethylene units is excellent In trans- 
parency, rigidity, surface hardness, heat resistance, and hence it Is used fbr films, containere etc. 

Heretofore, there is known some methods for preparatton of the propylene/ethylene random copolymer 
containing a smaD amount of ethylene units, such as a method using a titanium catalyst system comprising a 
titanium compound and an organoaluminum compound and a method using a metallocene catalyst system 
comprising a metallocene compound (e.9.. zirconocene end hafnocene) and an alkylalumlnoxane or ionic com- 
pound. 

However, the propylene/ethylene random copolymer obtained by using a titanium catalyst system is not 
always sufficient in heat-sealing property for some uses, and also insufficient In anti-blocking property, bleed- 
out property and impart strength. On the other hand, the propylene/ethylene random copolymer obtained by 
using a metallocene catalyst system Is not always sufficient in rigidity, surface hartness and heat resistance. 
Therefore, the advent of the propylene/ethylene random copolymer having advantages of the both, and excel- 
lent in balance of properties is demanded. 

In the light of such circumstances as described above, the present inventors have further studied, and as 
a result, they have found that a propylene copolymer containing a specific amount of ethylene unit, having a 
high triad tacticity, as measured by ^^c-NMR, of the propylene chain consisting of head-to-tait bonds, a spedf ic 
proportion of inveraely inserted propylene units and a spedf ic intrinsic viscosity Is excellent In transparency, 
rigidity, surface hardnesa. heat-sealing property, antMitocking property, anti-bleedout property and impact 
strength. 

Further, the propylene elastomer is excellent In impad absoriiing capacity, heat rssistance and heat- 
sealing property, it is singly used for films, and also Is used for modifier for thermoplastk: resin. 

However, when the conventional propylene elastomer is singly used for films, the resulting films are not 
always sufficient in heat-sealtng property, anti-blocking property and heat resistance. When the elastomer is 
used for iTK>dlf ler. the effed of improving impact strength is not always sufficient Therefore, the advent of the 
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propyfene elastomer having excetlent impact strength, and effective in improving heat resistance, transpar- 
ency, heat-seeting property, anti-blocking resistance and impact resistance is demanded. 

tn the light of such circumstances as described at>ove. the present inventors have further studied, and as 
a result, they have found that a propyfene elastomer containing a specific amount of ethylene unit, having a 
high triad taclicity. as measured by ^^C-NMR, of the propylene chain consisting of head-to-tail bonds, a specific 
proportion of inversely inserted propylene units and a specific intrinsic viscosity is excellent In above men- 
tioned properties, and hence accomplished the present invention. 

OBJECT OF THE INVENTION 

It is an object of the present invention to provide a novel transition metal compound useful for an olefin 
polymerization catalyst component having a high olefin polymerization activity and capable of giving an olefin 
polymer having high stereoregularity and low in an amount of inversely inserted units, and to provide an olefin 
polymerization catalyst component comprising said transition metal compound. 

It is another object of the invention to provide an olefin polymerization catalyst containing the above olefin 
polymefization catalyst component and to provide a process for olefin polymerization using said olefin poly- 
merization catalyst 

It is a further object of the invention to provide a propylene homopolymer having excellent rigidity and trans- 
parency, a propylene copolymer having excellent impact strength and transparency, and propylene elastomer 
having excellent impact strength and transparency. 

SUMMARY OF THE INVENTION 

The novel transition metal compound according to the invention is a transition metal compound represent- 
ed by the following formula (i): 




wherein M is a transition metal of Group IVa, Group Va or Group Via of the periodic table; 
is a hydrocarbon group of 2 to 6 carbon atoms; 

Is an aryl group of 6 to 16 carbon atoms, which may be substituted with halogen atom, a hydrogen 
atom, a hydrocarbon group of 1 to 20 carbon atoms or an organosllyl group; 

X* and are each a hydrogen atom, a halogen atom, a hydrocart5on group of 1 to 20 cart)on atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing 
group; and 

Y Is a dh/a!enl hydrocarbon group of 1 to 20 carbon ato^^s, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-. 
-S-. -SO-, -SOr. -NR5-. -P(R3)-, -P{0){R3)-, -BR^- or -A1 R^- (Ri is a hydrogen atom, a halogen atom, a hydro- 
carbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

The olefin polymerization catalyst component according to the invention comprises a transition metal com- 
pound represented by the above formula (I). 

The first olefin polymerization catalyst according to the invention comprises: 

(A) a transition metal compound represented by the above formula (I); and 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-oompound. and 

(B-2) a compound which reacts with the transition metal compound to form an ion pair. 
The second olefin polymerization catalyst according to the invention comprises: 
(A) a transition metal compound represented by the above formula (I); 
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(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-oompound, and 

(B-2) a compound which reacts with the transition metal compound to form an ion pain and 

(C) an organoaluminum compound. 

The third olefin polymerization catalyst according to the invention comprises: 
a fine partide carrier 

(A) a transition metai compound represented by the above formula (t); and 

(B) at least one compound selected from the group consisting of 
(8-1) an organoaluminum oxy-oompound, and 

(B-2) a compound which reacts with the transition metal compound to form an ton pair; 
said transition metal compound (A) and said at least one compound (B) being supported on the fine partide 
carrier. 

The fourth olefin polymerization catalyst according to the invention comprises: 
a solid catalyst component comprising: 
a fine particle carrier, 

(A) a transition metal compound represented by the above formula (I), and 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) a compound which reacts with the transition metal compound to form an Ion pair, 
said transition metal compound (A) and said at least one compound (B) being supported on the fine particle 
carrier, and 

(C) an organoaluminum compound. 

The fifth olefin polymerization catalyst according to the invention comprises: 
a fine partide carrier; 

(A) a transition metal compound represented by the above formula (I); 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-compound, and 

<B-2) a compound which reacts with the transition metal compound to form an Ion pair; and 
a prepdymerized defin polymer produced by prepolymerizatlon. 
The sixth olefin polymerization catalyst according to the invention comprises: 
a fine partide carrier 

(A) a transition metal compound represented by the above formula (I); 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) a compound which reacts with the transition metal compound to form an ion pair 

(C) an organoaluminum compound: and 

a prepdymerized defin polymer produced by prepolymerizatlon. 

The process for olefin polymerization according to the Invention comprises pdymerizing or copolymeriring 
an defin in the presence of any of the first to sixth olefin polynterization catalysts. 

The defin polymerization catalysts according to the invention have high polymerization activity and an ole- 
fin polymer obtained by using the catalysts has a narrow mdecular weight distribution, a narrow composition 
distribution and a large mdecular weight When they are used for pdymerizing an a-olef in of 3 or more carton 
atoms, obtainable is a pdynver having high stereoregularity. low amount of Inverady Inserted untta, and ex- 
cellent in heat resistance and rigidity. 

The first propylene homopolymer according to the present invention is obtained by pdymerizing propylene 
in the presence of an olefin polymerization catalyst according to the invention comprising: 

(A) a transition metal compound represented by the above formula (I); and 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-oompound, and 

(B-2) a compound which reacts with the transition metal compound to form an ion pair. 
The first propylene copdymer according to the present Invention is obtained by copolymerizing propytena 
and at least one kind of a-def in selected from the group consisting of ethylene and an a-def In of 4 to 20 cartwn 
atoms in the presence of an olefin polymerization catalyst according to the invention comprising: 
(A) a transition metal compound represented by the above formula (I); and 
(8) at least one compound selected from the group consisting of 
<B-1) an organoaluminum oxy-oompound, and 

(8-2) a compound which reacts with the transition metal compound to form an ion pair. 
The propylene homopdymer of the present Invention is excellent in rigidity, heat resistance, surfece hard- 
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ness. glossiness, transparency and impact strength. 

The second propylene homopolymer according to the invention has such properties that: 

(i) a triad tactfcity of propylene units chain, as measured by ^H>NMR. Is not less than 99.0 %: 

(i») a proportion of inversely inserted propylene units based on the 2.1.insertion of a propylene monomer 

in ail propylene insertions, as measured by ^'ONMR. Is not more than 0.20 %; and 

(in)an intrinsic viscosity, as measured in decahydronaphthalene at 135 'C, is in the range of 0.1 to 20 dl/g. 

The propylene polymer of the present invention is excellent In rigidity, heat resistance, surfece hardness, 

glossiness, transparency and impact resistance. 

The second propylene oopoiymer according to the invention has such properties that 

(i) said copolymer contains ethylene units In an amount of not more than 50 % by mol; 

09 a triad tactidty of propylene units chain consisting of head-to-tail bonds, as measured by ^^C-NMR. is 

not less than 98.0 %: 

(iii) a proportion of inversely inserted propylene units based on 2, ^insertion of a propylene monomer in 
all propylene insertions, as measured by ^X:.NMR. is not more than 0.20 %, and 

(iv) an Intrinsic viscosity, as measured in decahydronaphthalene at 135 •C. is in the range of 0.1 to 20 
dl/g. 

The propylene copolymer of the present Invention (wherein the amount of monomer units derived from an 
a-olefin other than propylene is not more than 5 % by mol) is excellent in transparency, rigidity, surface hard- 
ness, heat resistance, heat-sealing property, anti-blocking property, anti-bleedout property and Impact 
strength. The propylene copolymer of the present invention (wherein the amount of monomer units derived 
from an a-olefln other than propylene is not less than 5 % by mol) Is excellent In transparency, environmental 
aging property, and effective in Improving heat-sealing property at low temperature and impact strength. 

The third propylene copolymer according to the invention has such properties that 

(0 said copolymer contains propylene units in an amount of 95 to 99.5 % by mol and ethylene units in an 

amount of 0.5 to 5 % by mol; 

(19 a triad tactidty of propylene units chain consisting of head-to-tait bonds, as measured by ^ ^C-NMR. is 
not less than 95.0 %: 

(iii) a proportion of inversely inserted propylene units based on 2.1 -insertion of a propylene monomer In 
all propylene insertions, as measured by '^C-NMR, of 0.05 to 0.5 %. and 

(iv) an intrinsic viscosity, as measured In decahydronaphthalene at 135 •C. is in the range of 0.1 to 12 

dl/g. 

The propylene copolymerof the present Invention is excellent in rigidity, surface hardness, heat resistance, 
transparency, heat-seaiing property, anti-blocking property and anti-bleedout property. 
The propylene elastomer according to the invention has such properties that: 

(I) said elastomer contains propylene units in an amount of 50 to 95 % by moi and ethylene units in an 
amount of 5 to 50 % by mol; 

(iO a triad lacticity of propylene units chain consisting of head-to-tail bonds, as measured by ''C-NMR. is 
not less than 90.0 %; 

(iii) a proportion of Inversely inserted propylene units based on 2.Mnsertion of a propylene monomer in 
all propylene insertions, as measured by '^c-NMR, of 0.05 to 0.5 %; and 

(iv) an intrinsic viscosity, as measured in decahydronaphthalene at 135 "C. is in the range of 0.1 to 12 
dl/g. 

The propylene elastomer of the present Invention is excellent in heat resistance, impact absorbing capaci- 
ty, transparency, heat-sealing properties and anti-blocking properties. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a view illustrating steps of a process for preparing the olefin polymerization catalysts according 
to the inventton. 

DETAILED DESCRIPTION OF THE INVErfRON 

The novel transition metal compound, the olefin polymerization catalyst component comprising the tran- 
sition metal compound, the olefin polymerization catalyst containing the olefin polymerization catalyst compo- 
nent, the process for olefin polymerization using the olefin polymerization catalyst, the propylene homopoly- 
mer. the propylene copolymer and the propylene elastomer, according to the invention, will be described In 
detail hereinafter. 

Rg. 1 is a view illustrating steps of a process for preparing the olefin polymerization catalysts according 
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to the invention. 

First, the novel transftion metal compound according to the Invention ie described. 
The novel transition metal compound of the invention is a transition metal compound represented by the 
followtng formula (I). 




In the formula (I), M is a transition metaJ of Group IVa, Group Va or Group Via of the periodic table. Exam- 
ples of the transition metals indude titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, mo- 
lybdenum and tungsten. Of these, titanium, zirconium and hafnium are preferred, and zronium is particutarly 
preferred. 

is hydrocarbon group of 2 to 6 carbon atoms. Examples of the hydrocarbon groups of 2 to 6 carbon 
atoms indude an alkyi group such as ethyl, n-prepyl, isoprepyl. n-butyl. Isobutyl. aec-butyl, tert-butyl;, n-pentyl, 
neopentyt and n-hexyl; cydoalkyi group such as cydohexyl; and an alkenyl group such as vinyl and propenyi. 

Of these, preferred is an alkyI group wherein a caifaon atom bonding to indenyl group Is e primary carbon, 
more preferred is an alkyi group of 2 to 4 carbon atoms, particularly preferred is ethyl group. 

is an aryl group of 6 to 16 carbon atoms. Examples of the aryi group of 6 to 16 cartwn atoms Indude 
phenyl, a-naphthyl, ^-naphthyl. anthracenyi, phenanthryt. pyrenyi, acenaphlhyl, phenalenyl, aceanthrenyl, tet- 
rahydronaphthyl, indanyl and biphenyfyl. Of these, preferred is phenyl, naphthyl, anthracenyi or phenanthryt. 

These aryl groups may be substituted with a halogen atom such as fluorine, chlorine, bromine or iodine: 
a hydrocaiton group of 1 to 20 carbon atoms, for example an alkyI group such as methyl, ethyl, propyl, 
butyl, hexyl, cydohexyl, octyl, nonyl. dodecyl. Icosyl. norbornyl and adamantyl; an alkenyl group such as vinyl, 
propenyi and cydohexenyl; arylalkyl group such as benzyl, phenylethyl and phenylpropyl: and an aryl group 
such as phenyl, tdyl, dimethylphenyl. trimethylphenyl, ethylphenyl. propylphenyl. biphenyl, naphthyl, methyl- 
naphthyt. anthracenyi and phenanthryt; or 

an organo-silyl group such as trimethylsilyl. trfethylsilyl and triphenylsilyl. 

X' and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-contalning group or a sulfur-containing 
group. Examples of those atoms and groups indude the halogen atoms and the hydrocarbon groups of 1 to 
20 carbon atoms as exemplified above. Examples of the halogenated hydrocarbon groups of 1 to 20 carbon 
atonw indude the halogenated groups of the above menttoned hydrocarbon group of 1 to 20 carbon atoms. 

Examples of the oxygen-oontaining groups indude a hydroxy group; an alkoxy group such as methoxy. 
ethoxy. propoxy and butoxy; an aryloxy group such as phenoxy, methylphenoxy, dimethylphenoxy and naph- 
Ihoxy; and an arylalkoxy group such as phenylmelhoxy and phenylethoxy. 

Examples of the sulfur-contalning groups indude groups obtained by substituting sulfur for oxygen in the 
above-mentioned oxygen-contalnlng groups. As the sulfur-containing group, there, can be also mentioned a 
sulfbnato group such as methylsulfonato, trifluoromethanesulfonato, phenylsulfbnato, benzylsulfonatD, p-td- 
uenesuifonato. trimethylbenzenesulfonato. triisobutylbenzenesulfonato. p-chtorobenzenesulfdnato and pen- 
lafluorobanzenesulfonato; and a sulfinato group such as methyteulfinato, phanylsulfinato, banzeneaulf Inato, 
p-tduenesutfinato. trimethylbenzenesulfinato and pentafluorobenzenesulffnato. 

Of these, preferred is halogen atom or hydrocarbon group of 1 to 20 carbon atoms. 

Y is a divalent hydrocarbon group of 1 to 20 carbon atonw, a dhralent halogenated hydrocartwn group of 
1 to 20 carbon atoms, a divalent silicon-containing group, a divalent gennanium-containlng group, -0-, -CO-. 
-S-. -SO-, -SOr. -NR*.. -P(Ra)., ^(0)(R5).. -BR^- or -A1R3. {R3 is a hydrogen atom, a halogen atom, a hydro- 
carbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

Examples of the divalent hydrocarbon groups of 1 to 20 carbon atoms Indude an alkytene group such as 
methylene, dimethylmethylene. 1.2-ethylene. dimethyl-1.2-ethylene. I.S-trimethylene. 1.4-lBtramethylene: a 
cydoalkytene group such as 1 .2-cydohexylene and 1 .4-cydohexylene; and an arylalkylene group such as dK 
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phenytmethytene and diphenyt>1.2-ethyten6. 

Examples of the divalent halogenated hydrocarbon groups include groups obtained by halogenating the 
above-mentioned hydrocaibon groups of 1 to 20 carbon atoms» such as chloromethyfene. 

Examples of the divalent silicon-containing groups include an alkyisilylene group, an alkylarylsilylene 
group and an arylsilylene group, such as methylsllytene. dimethylsilyfene, diethyls ilylene, di(n-propyl)silylene. 
di(i-propyl)sllyfene. di(cydohexyl)silylene. methylphenylsilyleno. diphenylsilytene. dj(p-tolyl)si)ylene and di(p- 
chIorophenyl)silylene; and an alkytdisityl group, an alkylaryldlsilyl group and an aryldisilyt group, such as tet- 
ramethy(-1.2-disilyl and tetraphenyl-1.2-disilyl. 

Examples of the divalent gemianium-oontainlng groups include groups obtained by substituting germanl- 
urn for silicon in the at>ovo-mentlofted divalent silicon-containing groups. 

Examples of the atomsand the groups indicated by R» include the halogen atoms, the hydrocarbon groups 
of 1 to 20 carbon atoms and ttie halogenated hydrocarbon groups of 1 to 20 carbon atoms exemplified above. 

Of these, preferred are divalent silicon-containing group and divalent germanlunvcontainlng group, and 
particularly preferred are alkyisilylene, alkylarylsilylene and arylsilylene. 

Listed below are examples of the transition metal compounds represented by the above formula (P). 
rac-Dimelhytsilyl-bis{1 -(2-ethyl-4-phenylindenyl)}2irconium dichloride. 
rac-Dimethyfsilyl-bls{1-<2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride. 
rac-Dimethytsily^bis(1 -(2-ethyt-4-(|>.naphthyl)indenyl))zlrconium dichloride. 
rac-Dimethy!silyi.bls{1 -{2-ethyl-4-(2-methyH-naphlhyl)indenyl))arconlum dichloride. 

rac-Dimethylsilyl-bis{1-(2-ethyl-4-(5-acenaphlhyl)indenyl))zlfconium dichloride. 

rac-Dlmethyls»yl-bls{1-(2-ethyl-4-(9-anthracenyl)lndenyl))zcrconium dichloride, 

rac-Dimethylsilyl-bls{H2-ethyl-4-{a-phenamhryl)indenyl)}zirconium dichloride, 

rac-Dimethylsilyl-bisO -(2-ethyM-(o.methylphenyl)indenyl)}2lrconium dichloride. 

fao-Dimethyl3ilyl-bis{1-{2-ethyl-4-{m-methylphenyl)indenyl)}2irconium dichloride. 

rac-Dimethyt9ilyl-bis{1-<2-ethyl-4-(p.methylphenyt)indenyl)}zirconium dichloride. 

rac-DimethylsilyUbis{1-(2-ethyU-(2,3-dimethylphenyl)indenyl))zirconium dichloride. 

rac-Dimelhy1sllyl-bis(H2-ethy|.4-(2.4-dimethylphenyl)indenyl))2irconium dichloride, 

rac-Dimethyisily|.bis{1-(2-ethyM.(2.5-dimethylphenyl)indeny1)}zirconium dichloride. 

rac-Dlmethy1silyl-bis{1-<2-ethy|.4.(2.4.6-trimethylphenyl)lndBnyl))zifconlum dichloride, 

fBc-Dimethyisilyl-bi3{1-(2-ethyM.(o.chlorophenyl)indenyl)}zirconlum dichloride. 

rac-Dimethylsilyl-bls{1-(2-ethyM-(m-chlorophenyl)indenyi))zirconlum dichloride. 

rac.Dimelhyisilyl-bis{1-<2-ethyl-4-(p-chlorophenyl)indenyl)}zirconlum dichloride, 

rac-Dimethylsily»-bis{1 -(2-ethyl-4-(2,3-dlchlorophenyl)lndenyl)}2irconium dichloride, 

rac-Dimethylsilyl-bis{1-<2-ethyM-(2,6-dichlorophenyl)lndenyl))riiconlumdteWoride, 

rac-DimethylsilyKbis(1 -(2-ethy»-4-(3.5-dichlorophenyl)indenyl))2lrconium dtehloride. 

rac-Dlmethylsilyl-bis{1 -(2-ethyl-4-(2-bromophBnyl)indenyl)}zirconium dichloride. 

rao-Dimelhylsilykbis(1-{2-ethyM-(3-bromophenyl)indenyl))zirconium dichloride. 

rac-Oimelhylsilyl-bis{1-<2-ethy»-4-(4-bromophenyl)indenyl)}zirconium dichloride. 

fac-Oimethytsilyt-bis{1-(2-ethyl-4-(4.bipheny1)indenyl)}2irconium dichloride. 

rae.Dimeihylsilyl-bis{1-<2-ethyl-4-{4-trimethylsilyiphenyl)indenyl))zirconlum dichloride. 

rac.Dimethylsilyl-bls{1-(2-n-propyl-4-phenyllndenyl))zirconium dichloride, 

rac-0lmethytsilyl-bls{1-<2-n-propyl-4-(a-naphthyl)indenyl))2irconlum dichloride. 

rao-Dimethyfsilyl-bIs {1-(2-n-propyl-4-0-naphthyl)indenyl))2irconlum dichloride. 

rac-Dimethylsilyl-bls{1-<2-n-propyi^(2-methyi.1-naphthyl)lndenyl)}zlrconium dichloride, 

rac-Dlmethylsilyl-bis(1-<2-n-propy1-4-(5-acenaphthyl)indenyl))zlrconium dichloride. 

rac-Olmethylsilyl-bis{H2-n-propy1-4-(9-anthracenyl)indenyl)}zirconium dichloride. 

rac-Dimethylsilyl-bls{1-(2-n-propyi-4-{9-phenanthryl)indeny1)}zirconlum dichloride, 

raG-0imethylsllyl-bis{1-<2-»-prapyt-4-phenylindeny1)) zirconium dichloride, 

rac-Dimethyl8ilyl-bis{1 -(2-Hpropyl-4-(o-napMhyl)indenyi))zirconlum dichloride. 

rac-Dimethylsily|.bls{l -(2-Hpropyl-4-0-naphthyl)lndenyl)}zlrconium dkihlorido, 

rao-Oimethylsilyt-bis(1-(2.|-propyl-4.(8-methyl-9.naphthyl)indenyl))zirconium dichloride. 

rac-Dimethylslly»-bls{1 -(2-i-propyl^(5-acenaphthyl)Indenyl))zirconium dtehloride, 

rac^Dimethylsilyl-bis{l -{2-i-propyl-4.(9-anthracenyl)indenyl))zirconium dichloride, 

rac-Dimethylsllyl-bis{1-<2-l-propyl^(9-phenanthryl)indenyl))zirconium dichloride. 

rac-Dlmethylslly*-bls{1 -<2-&-butyl-4.phenylindenyl)}zirconlum dichloride. 

rac-DImethylsllyl-bls{1 -(2-s.butyl-4-(a-naphthyl)indenyl)}zirconium dichloride. 

rac.Dimethyl3ilyl-bis{1-<2-s-butyl-4.0.naphthyl)lndenyl))zlrconium dichloride. 

rac-Dlmethylsilyl-bis{H2-s-butyl-4H2-methyl-1-naphthyl)lndenyl))2lrconlumdfc^^ 



10 



EP0 629 632 A2 



rac-Dimelhy1s^ly^bis{1-(^s-butyl^(5-a(»naphthyl)lnde^yi))zi^:oniumdfchlori^^ 
rac-DimelhyIsilyl-bis{1-{2-Srbulyl-4-(9-anmracenyl)indenyl)}zirconhjm dichloride. 
rac-Dimethylsilyl-bis(1-(2-s.butyf-4-(9.phBnanthryt)indeny1))zirconium dichloride, 
rac-Dlfnelhylsllyt.bis(1 -<2-n-pentyl-4.phenylindenyi))zirconium dichloride, 
rac-Dlmemylsilyi-bis{1-(2-fvpentyl-4-(a-naphthy1)lndenyl))zifConlum dichloride. 
rac'Oimeihyls»y|.bis{H2-n-butyl-4-phenylindenyl))2iroonium dichloride, 
fa(>Dimethylsilyl-bls{1-(2-ivbutyl-4-(a-naph%l)lndenyl))zln5oniumdlcW^^ 
racpOlmethylsl»yl-bis(1-(2-n-butyl-4.(|^naphlhyl)Indenyl))2irconliOTid^ 
rac-Olmethylsllyl-bls{1-<2-n-butyl-4-(2-methyl-1-naphthyl)indenyl))zircom 
rac-Oimethyls^ly^bls{1-(2-n-butyU-(5-ace^aphthyl)}Indenyl)zirconiufn dichloride. 
fac-Olmethyl9ilyl-bis{H2-n-butyl-4-(9-anthrac8nyl)indenyl)}zirconKjmdl^^^ 
fac-Dimothy<silyl-bis{1 -<2-rvbutyW-(9-phenanthryl)indenyl))zirconium dichloride. 
rac-Olmelhy1sjlyl-bis{1-<2-i-bulyj-4-phenylindenyl)}2ifconlum dichloride, 
rac-Dim8thylsily|.bis {1-(2-i.bulyW-(a-naphlhyl)indeny1)}zirconium dicWoride, 
fac-Oimethyf silyl-bis{1 -(2-i-butyl-4-(p-naphthyl)indenyl))2irconium dichloride. 
rac.Dimelhy!sily|.bis{1-<2-hbutyl-4-(2-methyl-l-naphthyl)indenyl))2irconlum dichloride, 
rac-Olmethy!sllyt-bl9{1-{2-l-bijtyl-4^5-acenaphthyl)indenyl))2irconium dichloride, 
fac-Dimethylsilyl-bis{1 •(2-hbutyl-4-(9-anthfacenyl)lndenyl))2irconium dichloride, 
rac-Oimelhylsilyl-bls{l -<2-i-butyl-H9.phenanthryl)indenyl))2ifcofiium dichloride, 
fac-Dlmethylsllyl-bis{1-<2-neopenlyt-4-phenylindenyl))2irconiufn dichloride. 
fBc-Dimethylsllyl-bte(1-(2-neopenlyl-4.(a-naphlhyl)lndenyl))2lnMnlum dichloride. 
rac-Dlmethylsllyl-bis{1^2-f>-hexyM-phenylindenyl))zifconlum dichloride. 
rac-Dimethyl8ilyi-bis{1^2-n-hexyI-4.(o-naphthyl)indenyl))zii«mlumdichlori 
rac-methylphenylsllyl-bls{l '(2-ethyl-4«phenylindenyl))zirconium dichloride, 
rac-methylphenylsilyl-bls{1 -<2-ethyl-4-(a-naphthyl)lndenyl))zirconium dichloride, 
rao-methyiph8nylsilyl-bis{l.(2-ethyl-4.(9.anthracenyl)indenyl))2lrconium dichloride, 
rac-methylphenyl3ilyl-bis{1.(2-ethyM.(9.phenanlhryl)indenyl)}zirconium dichloride. 
rac-dlphenylsilyl-bis{1-(2-ethyl-4-phenylindenyl))zirconium dichloride. 
rac-diphenylsilyl-bis{1-(2^thyU-<a-naphthyl)ind9nyl))zirconlum dichloride 
rBC-dlphenylsilyl'bis{1.(2-ethyl-4.(9-anthracenyl)lndenyl)}zirconlum dichloride, 
rac-dlphenylsllyl-bis{l-<2-emyl^(9-phenanthryl)lndenyl))zirconlum dichloride, 
rac-dlphenylsily1.bis{1-(2-ethyl-4-<4-biphenyl)lndenyl))zlrconlum dichloride, 
rac-methylene-bis(1-(2-ethyl-4-phenylindenyl)}2irconium dichloride, 
rac-methylBnfr.bis{1 -(2-ethyl-4-(a-naphlhyl)lndenyl))2irconlum dichloride, 
fac-ethylene-bls{1-(2-elhyU-phenylindef!yl)}zirconlum dichloride, 
rac-ethylene"bls{1-(2-ethyl-4^a-naphthyl)lndenyl))2lrconhim dichloride. 
rao-othylene-bis{H2-ivpropyl^(a-naphthyl)indenyl))ziroonwni dichloride, 
rac^Jlmethylgennyl-bls{1-(2-ethyl^-phenylindenyi))rirconium dichloride, 
rao^imethylgemiy|.bis{1-(2-elhyl-4-<a-n8phthyl)indenyl)}zirconium dichloride. and 
rac-dimethylgermyl-bls{1.(2-n-propyl-4-phenylindenyl))2jrconium dichloride. 
There may also be used the transition metal compounds obtained by substituting vanadium metal, niobium 
metal, tantalum metal, chromium metal, molybdenum metal or tungsten metal for zirconium metal, titanium met- 
al or hafnium metal In the above-exemplified compounds. 

The transition metal compounds according to the present Invention can be prepared in accordance with 
the methods described in Journal of Organometallic Chem. 288 (1 985). pages 63 to 67. European Patent Pub- 
lication No. 0,320,762 specification and Examples thereof, for Instance, by the following manner. 
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wherein. Z represents CI. Br. I or o-tosyt group, and represents 




The novel transition metal compound according to the present invention can be used as an olefin poly- 
merization^catalyst in combination with an organoalumtnum oxy-compound. 

The novel transition metal compound Is used as an olefin polymerization catalyst component in the form 
of usually a racemic modification, but the R configuration or the S configuration can be also used. 

Next the olefin polymerization catalyst containing the above-mentioned novel transition metal compound 
as its catalyst component is described. 

The meaning of the tenm "polymerization' used herein Is not limited to "homopolymerization" but may com- 
prehend "copolymerization". Also, the meaning of the term "polymer* used herein is not limited to "homopdy- 
mer* but may comprehend "copolymer. 

The first and the second olefin polymerization catalysts according to the invenUon are described below. 

The first olefin polymerization catalyst of the invention is formed from: 

(A) a transition metal compound represented by the above formula (I) (someUmes referred to as "compo- 
nent (A)" hereinafter); and 

(8) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-oompound, and 

(d-2) a compound which reacts with the transition metal compound to form an ion pain 
The second olefin polymerization catalyst of the invention is fbmned from: 

(A) a transition metd compound represented by the above fonnula (I); 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-compound. and 

(B-2) a compound which reacts with the transition metal compound to form an ion pair; and 

(C) an organoaluminum compound. 

The organoaluminum oxy-compound (B-1) (hereinafter sometimes referred to as "component (B-1)") used 
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(or the first and the second olefin polymerization catalysts of the invention may be a conventionally known 
alumtnoxane or may be a benzene-insoluble organoaluminum oxy-compound as described in Japanese Patent 
Laid-open Publication No. 78687/1990. 

The conventionally known aluminoxane can be prepared, for example, by the following processes. 

(1) A process comprising allowing an organoaluminum compound such as trtalkytaluminum to react with 
a suspension of a compound having adsorbed water or a salt containing water of crystallfzatton. for exam- 
ple, hydrate of magnesium chloride, copper sulfate, aluminum sulfate, nickel sulfate or cerous chloride in 
a hydrocart}on solvent 

(2) A process comprising allowing water, ice or water vapor to directly react with an organoaluminum com- 
pound such as trialkyfalumlnum in a solvent such as benzene, toluene, ethyl ether and tetrahydrofuran. 

(3) A process comprising allowing an organotin oxide such as di methyltin oxide and dibutyitin oxide to react 
wfth an organoaluminum compound such as trialkylalumlnum in a solvent such as decane, benzene and 
toluene. 

The aluminoxane may contain a small amount of an organometallic component Moreover, the soh^ent or 
the unreacted organoaluminum compound may be distilled off from the recovered solution of aluminoxane de- 
scribed above, and the resultant product may be dissoh^ed again in a solvent 

Examples of the organoaluminum compounds used for preparing aluminoxane Include: 
trialkylaluminums, such as trimethylaluminum, triethylaluminum. tripropylalumlnum, trilsopropylalumi- 
num. tri-n-butylalumlnum. triisobutylaluminum, tri-sec-butylaluminum. tri*tert-butylatumlnum, tripentylatuml- 
num. trihexylaluminum. trioctylaluminum and tridecytaluminum; 

tricydoalkylalumlnums, such as tricydohexylaluminum and tricydooctylaluminum; 
dialkylalumlnum halides. such as dimethytalumlnum chloride, diethylaluminum chloride, dlethylaluml- 
num bromide and diisobutylaluminum chloride; 

dialkylalumimim hydrides, such aa diethylaluminum hydride and diisobutylaluminum hydride; 
dialkylalumlnum alkoxtdes. such as dimethytalumlnum methoxide and diethylaluminum ethoxide; and 
dialkylalumimim aryloxides, such as diethylaluminum phenoxide. 
Of the organoaluminum compounds, trialkylalumlnum and tricydoalkylaluminum are particularly preferred. 
Further, there may be also used, as the organoaluminum compound for preparing aluminoxane, isopreny- 
laluminum represented by the following formula (11): 

(l-C4H9)^ly(C6Hio)x (II) 

wherein x. y and z are each a positive number, and z a 2x. 

The organoaluminum compounds mentioned above may be used singly or (n comblnatior). 

Solvents used for preparing aluminoxane indude aromatic hydrocarbons such as benzene, toluene, xy- 
lene, cumene and cymene; aliphatic hydrocarbons such as pentane, hexane, heptane, octane, decane. dode- 
cane. hexadecane and octadecane; aiicyclic hydrocarbons such as cydopentane. cydohexane, cydooctane 
and methylcydopontane; petroleum fractions such as gasoline, kerosine and gas oil; and halides of the above- 
mentioned aromatic, aliphatic and aiicyclic hydrocarbons, partknjlarty chlorides and bromides thereof. In ad- 
dition thereto, ethers such as ethyl ether and tetrahydrofuran may be also used. Of these aohrenls. particularly 
prafen-ed ere aromatic hydrocarbons. 

Examples of the compounds which react with the transition metal compound (A) to form an ion pair (here- 
inafter sometimes refjarred to as "component (8-2)"). which are used for the first and the second olefin pdy- 
merizatton catalysts, indude Lewis add, ionic compounds, borane compounds and carborane compounds, as 
described in National Publicattons of International Patent No. 501950/1989 and No. 502036/1989, Japanese 
Patent Uid-Open Publteations No. 179005/1992. No. 179006/1992. No. 207703/1992 and No. 207704/1992. 
and U.S. Patent No. 547718. 

The Lewis add indudes Mg-containing Lewis acid, Al-containing Lewis add and B-contalning Lewis acid. 
Of these. B-containing Lewis add is prefen-ed. 

The Lewis add containing a boron atom (B-containing Lewis acid) is. for example, a compound represented 
by the following formula: 

BR«RW 

wherein R«, R' and R« are each independently a phenyl group which may have a substituent such aa a fluorine 
atom, a methyl group and a trifluoromethyl group, or a fluorine atom. 

Examples of the compounds represented by the above formula indude irifluoraboron, triphenylboron. 
tris(4-fluorophenyl)boren, tris(3,5-dlfluorophenyl)borDn, tris(4-fluoromethylphenyl)boron, tris(pentafluoro- 
phenyl)boron, tris(p-lolyl)boron, tri8(o-tolyl)boron and tris(3.5-dimethylphenyl)boron. Of these, tris(pentafhior- 
ophenyl)boron Is particularly preferred. 

The Ionic compound used in the Invention is a salt comprising a cattonic compound and an anionic com- 
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pound. An anion reacts with the transition metal compound (A) to make the transition metal compound (A) ca- 
tionic and to form an ion pair so as to stabilize the transition metal cation seed. Examples of such anions include 
organoboron compound anion and organoarsenic compound anion, organoaluminum compound anion. Pre- 
ferred is such anion as is relatively bulky and stabilizes the transition metal cation seed. Examples of cations 
include metallic cation, organometallic cation, carbonium cation, tripium cation, oxonlum cation, sulfonium ca- 
tion, phosphonlum cation and ammonium cation. More spedf ically. there can be menttoned triphenylcarbenl- 
um cation. Iributytamnfwnium cation. N.N-dimethylammonium cation and fenocenium cation. 

Of these, preferred are ionic compounds containing a boron compound as anion. More specifically, exam- 
ples of trialkyl-substituted ammonium salts include triethylammoniumtetra(phenyl)boron, tripropyiammoniunv 
tetra(phanyl)boron. trf(n-butyl)ammonfumtetra(phenyl)boron. tfimethylammoniumtelra(p-tolyl)bonon. trime- 
thylammoniumtBtra(o-tolyl)boron. tribulylammoniumtetra(pentafiuorophenyl)boron. tripropytammoniumte. 
tra(o,p-dim8thylphenyl)boron, tributylammoniumletra(m.m-dimethylphenyl)boron. tributyiammoniumtetra(p- 
trifluoromethylphenyl) boron. tri(n-butyl)ammomumtetra(o>tolyl)borDnand tri(n-butyl)ammoniumtatra(4-fluo- 
rophenyl)boron. 

Examples of N,N-dialkylanilinium salts include N.N-dimethylaniliniumtelra(phenyl)boion. N,MHJiethytani- 
liniumtetra(phenyl)boron and N,N-2.4,e-pentamethylaniliniumtetra(phenyl)boron. 

Examples of dialkylammonlum salts indude di(n-propyl)ammoniumtetra(pentafluorophenyl)boron and di- 
cyclohexylamnx)niumtetra(phenyl)boron. 

Examples of triarylphosphonium salts indude triphenyiphosphoniumtetra(phenyl)boron. tri(methylphe- 
nyl)phosphonlumtetra(phenyl)boron and tri(dimethylphenyt)phosphoniumtetra(phenyl)boron. 

Also employable as the ionic compound containing a boron atom are trlphenylcarbeniumtetrakis-(pema- 
fluorophenyljboralo. N,N-d]methylanilin[umtetrakis(pentafluorophenyl)borate and ferroceniumtetrakis(penta- 
fluorophenyl)borate. 

Further, the following compounds can be also employed. (In the ionic compounds enumerated below, the 
counter ion is tri{n-butyl)ammonium. but the counter ion is in no way limited thereto.) 

That is. there can be mentioned salts of anion, for example. bls(tri(n-butyl)ammonium)nonaborate, 
bis{tri(n-butyl)ammonium)decaborate, bis{tri(n-butyl)ammonium}undecaborate. bis{tri(n-butyl)ammoni- 
ufn}dodecaborate, bis{tri(n-buty1)ammonium)decachlorodecaborate, bis{tri(n-butyl)ammonium)dodecachlor. 
ododecaborate, tri{n-butyl)ammonium-1<arbadecaborat8, tri(n-butyl)ammonium-1-carbaundecaborate, tri(n- 
butyl)ammonium-1-carbadodecaborate. tri(n'butyl)ammonkjm.1-trimethylsllyl-1-carbadecaborate and tri(n- 
butyl) ammo niumbromo-l-carbadeca borate. 

Moreover, borane compounds and carborane compounds can be also employed. These compounds are 
employed as the Lewis add or the ionic compounds. 

Examples of the borane compounds and the carborane compounds indude: 
borane and carborane complex compounds and salts of carborane anion, for example, decabor- 
ane(number of hydrogen = 14). 7.8-dicarbaundecaborane(13), 2,7-dicarbaundecaborane(13), undecahydride- 

7.8- dimethyl-7,a-dicarbaundecaborane. dodecahydride-1 1-methyl-2,7-dk;arbaundecaborane. tri(n-bulyl)anv 
monium-6-carbadecaborate(14). tri(n.butyl)ammonium-S-carbadecaborate(12). tri(n-butyl)ammonium-7-car- 
baundecabofate(1 3) tri(n-butyl)ammonium-7,8-dicarbaundecaboratB(1 2), tri(n-butyl)ammonium-2.9-dicar- 
baundecaborate(12). lri(n-butyl)ammonlumdodecahydride-8-methyl-7.9-dicarbaundecaborale, tri(n-butyl) 
ammon!umundecahydride-8-ethyk7.9-dicarbaundecaborate. tri(n-butyl)anrvnoniumundecahydride-8-butyl- 

7.9- dicarbundecaborate. tri(n-butyl)ammonlumundecahydride-8-ally|.7,9-dicarbaundecaborate. tri(n-butyl) 
ammon}umundecahydride-9-trimethylsilyl-7.e-dicarbaundecaborate and tri(n-butyl)ammon!umundecahydr- 
ide-4.6-dibromo-7-cafbaundecaborate; and 

carborane and salts of carborane. for example. 4-cartanonaborane{14), 1.3-dicarbanonaborane{13), 
6.9-dIcarbadecaborane(l4), dodecahydrlde-1-phenyi-1,3-dicart>anonaborane, dodecahydride-1-methyl-1,3- 
dlcarbanonaborane and undecahydride-1,3-dimethyl-1.3-dicarbanonaborane. 

Furthermore, the following compounds can be also employed. (In the ionic compounds enumerated below, 
the counter ion is tri(n-butyl)ammonium, but the counter Ion is in no way limited thereto.) 

That is. there can be mentioned salts of metallic carborane and metallic borane anion, for example, tri(n- 
butyl)ammonlumbls(nonahydrlde-1.3-dlcarbononaborate)cobaltate(lll), tri(n-butyl)ammoniumbis(undeca- 
hydride-7.B-dicarbaundecaborate)ferrate(III). tri(n-butyl)ammoniumbis(undecahydride-7,8-dicarbaundeca- 
borata)oobaltate(lll), tij(n-butyl)ammoniumbis(undecahydrtde-7,8-dicarfoaundecaborate)nickelate(lll). tri(n- 
butyl)ammoniumbis(undecahydrid6-7,a-dicarbaundecaborate)cuprate(lll). tri(n-butyl)ammoniumbis(undeca- 
hydride-7,8-dicarbaundecaborate)aurate(lll), tri(n*butyl)ammonlumbis(nonahydride-7,8-dimethyi-7,8-dicar- 
baundecaborate)ferrate(lll), tri(n-butyl)ammoniumbis(nonahydrlde-7,8-dimethyl-7,8-dicarbaundecabor- 
atB)chrDmate(lll), tri(n-butyl)ammoniumbls(tribromooctahydride-7,8-dlcarbaundecaborate)cobaltate (III). 
trl(n-butyl)ammonlumbis(dodecahydridedicarbadodecaborate)cobaltale(lll). bls{tri(n-butyl)ammonlum) 
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bis(dod6cahydridedodBcaborat8)nickelate(lll). tri3{lrl(r>-butyl)ammonium)bls(undecahydride-7-cafbdundeca- 
bofate)chfomate(lll), bis{tri(n-butyl)ammonjum)bis(undecahydride-7-carbaundecaborale)rnanganate(IV)p bis 
{tri(n-buty!)ammonlum)bis(undecahydride-7.cart)aundecaborate) cobaJlate(lll) and bis{in(r>-butyl)afnmonH 
um)bis(undecahydride-7.cafbaundecaborate)nickelate(IV). 

The compounds (&.2) which react with (he transition metaJ compound (A) to form an Ion pair can be used 
in combination of two or more Icinds. 

The organoalumlnum compound (C) (hereinafter sometimes referred to as 'component (C)") used for the 
second olefin polymefttation catalyst of the invention is. for example, an organoalumlnum compound repre- 
sented by the following formula (111): 

R^^y, (III) 

wherein R» is a hydrocarbon group of 1 to 12 carbon atoms. X is a halogen atom a a hydrogen atom, and n is 
1to3. 

In the above fonnula (III). R« is a hydrocarbon group of 1 to 12 carbon atoms, e.g., an alkyi group, a cy- 
doallcyj group or an aryi group. Particular examples thereof include methyl, ethyl, n-propyl, isopropyl, isobutyl. 
pentyl. hexyl. octyl. cyclopentyl. cydohexyl, phenyl and tolyl. 
Examples of such oiganoaluminum compounds (C) indude: 
trialkylaluminunrw, such as trimethylaluminum, triethylalumlnum. trteopropylalumlnum. trfisobutylaluml- 
num. triodylaluminum and tri{2-ethylhexyl)aluminum: 
alKenylalumlnums, such as Isoprenylaluminum, 

dialkylatuminum halides. such as dimethylaluminum chloride, diethylaluminum chlorMe. dllsopropylalu- 
mtnum chloride, dtisobutylaiuminum chloride and dimethylaluminum bromide; 

alkylaluminum sesqulhalides. such as methylaluminum sesqulchioride. ethylaluminum sesquichloride, 
isopropyl aluminum sesquichloride. butylatuminum sesquichloride and ethylaluminum sesquibromkie; 

alkylaluminum dihalides. such as methylaluminum dichloride. ethylaluminum dichkiride, isopropylelumi- 
num dichkiride and ethylaluminum dibromide; and 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 
Also employable as the organoalumlnum compound (C) is a compound represented by the following for- 
mula (IV): 

^r^U, (IV) 

wherein R« Is the same hydrocarbon as in the above formula (III); L is -OR^" group, -0SiR"3 group, -OAlR^j 
group, -NR^»2 group, ^IR'S group or -N(R«)AIR^«2 group; n is 1 to 2; R« R". R^^ and R« are each methyl, 
ethyl, isopropyl. isobutyl. cydohexyl. phenyl or the like; Is hydrogen, methyl, ethyl, isopropyl. phenyl, tri- 
methylsilyl of the like; and R^* and R^s are each methyl, ethyl or the like. 
Examples of such ofganoaluminum compounds (C) indude: 

(1) compounds represented by the formula R»„AI(OR«),.„, for example, dimethylaluminum methoxWe. die- 
thylaluminum ethoxkle and ditsobutylalumtnum methoxide; 

(2) compounds represented by thefbrmula R»^(0$iRi'3)3-ii. for example. Et2AI(OSIMe9). (lso-Bu)jAI(OSt- 
Mea) and (iso-Bu)2Al(0SiEta); 

(3) compounds represented by the formula R«„AI(OAIR«22)j.„. for example. EtaAIOAIEtj and (iso-BujaAIO- 
AI(iso-8u)2: 

(4) compounds represented by the formula R^^KNRiaj,. „. fbr example. Me^AtNa,. ElaAINHMe, Me^AIN- 
HEt. Et2AIN(SiMei)2 and (l30-Bu)2AIN(SIMej)2; 

(5) compounds represented by the formula R9^(SlRi*3)3.n. for example, (lso-Bu)2AISIMes; and 

(6) compounds represented by the fomiula R»„AI(N(Ri6)AIR^«2),.„. fbr example, EliAJN(Me)AlEt2 and (Iso- 
Bu)2AIN(Et)Al(iso-Bu)2. 

Of the organoalumlnum compounds represented by the formulas (111) and (IV). the compounds represented 
by the fonmulas R^^AI. R^MOR'^,, and R»^(OAIR«2)3.. are preferred, and the compounds having these 
formulas wherein R is an isoalkyi group and n Is 2 are particularly preferred. 

In the present invention, water may be used as a catalyst component in addition to the component (A), the 
component (B-1 ), the component (B-2) and the component (C). As the water employable In the Inventton. there 
can be mentioned water dissolved in a polymerization solvent described later, and adsorbed water or water of 
crystallization contained in a compound or a salt used for preparing the component (B-1). 

The first olefin potymerizatkm catalyst of the invention can be prepared by mixing the component (A) and 
the component (B-1) (or the component (B-2)). and if desired water (as a catalyst component), in an Inert hy- 
drocarbon medium (soh^ent) or an olefin medium (solvent). 

There is no spedfic limltalion on the order of mixing those components, but it Is preferred that the com- 
ponent (B-1) (or the component (B-2)) Is mixed with water, followed by mixing with the component (A). 

The second olefin polymerizatton catalyst of the Invention can be prepared by mUbig the component (A). 
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the component (B-1 ) (or the component (B-2)) and the component (C), and If desired water (as a catalyst com- 
ponent), in an inert hydrocartxjn medium (solvent) or an olefin medium (solvent). 

There is no specific limitation on the order of mixing those components. However, when the component 
(B-1 ) is used, it is preferred that the component (B- 1) is mixed with the component (C), followed by mixing wfth 
the component (A). When the component (B-2) is used. It \s preferred that the component (C) is mixed with 
the component (A), followed by mixing with the component (B-2). 

In the mixing of each components, an atomic ratio (Al/transitton metal) of aluminum In the component (B- 
1) to the transition metal In the component (A) is in the range of usually 10 to 10,000. preferably 20 to 5.000; 
and a concentration of the component (A) is In the range of about 10-« to 10-^ mol/llter-medlum, preferably 
10-7 to 5 X 1 0-2 nriol/llter-medium. 

When the component (8-2) is used, a molar ratio (component (A)/component (B-2)) of the component (A) 
to the component (B-2) is in the range of usually 0.01 to 10. preferably 0.1 to 5; and a concentration of the 
component (A) is in the range of about 10-" to 10-« mol/liter-medium. preferably 10-' to 5 x lO-^ mol/liter-me- 
dium. 

In the preparation of the second olefin polymerization catalyst of the invention, an atomic ratio (Alo/Ala. ») 
of the aluminum atom (Ale) In the component (C) to the aluminum atom (Al^ ,) in the component (B-1) is in the 
range of usually 0.02 to 20. preferably 0.2 to 10. 

When water is used as a catalyst component, a molar ratio (Ala. t/HaO) of the aluminum atom (Ala- ,) In the 
component (B-1) to water (Hp) is in the range of 0.5 to 50, preferably 1 to 40. 

The above-mentioned each components may be mixed In a polymerizer, or a mixture of those components 
beforehand prepared may be fed to a polymerizer. 

If the components are beforehand mixed, the mixing temperature is in the range of usually -50 to ISO "C, 
preferably -20 to 120 -C: and the contact time is in the range of 1 to 1.000 minutes, preferably 5 to 600 minutes. 
The mixing temperature may be varied while the components are mixed and contacted with each other. 

Examples of the media (solvents) used for preparing the olefin polymerization catalyst according to the 
Invention include; 

aliphatic hydrocarbons, such as propane, butane, pentane, hexane. heptane, octane, decane, dodecane 
and fcerosine; 

alicydic hydrocarbons, such as cydopentane, cydohexane and methylcydopentane; 
aromatic hydrocarbons, such as benzene, toluene and xylene; 

halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichdoromethane; and 

mixtures of these hydrocarbons. 
Next, the third and the fourth olefin polymerizaUon catalysts according to the invention are described. 
The third olefin polymerization catalyst according to the invention comprises: 
a fine partide carrier; 

(A) a transitton metal compound represented by the above formula (I); and 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-oompound. and 

(B-2) a compound which reacts with the transition metal compound to form an ion pain 
said transition metal compound (A) and said at least one compound (B) being supported on the fine partide 
carrier. 

The fourth olefin polymerization catalyst according to the Invention comprises: 
a solid catalyst component comprising: 
a fine partide carrier, 

(A) a transition metal compound represented by the above formula (1), and 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) a compound which reacts with the transition metal compound to fonrn an ion pair, 
said transition metal compound (A) and said at least one compound (B) being supported on the fine partide 
carrier; and 

(C) an organoaluminum compound. 

The transition metal compound (A) used for the third and the fourth olefin polymerization catalysts of the 
invention is the same as that for the aforesaid first and second olefin polymerization catalysts, and is repre- 
sented by the above formula (I). 

Examples of the organoaluminum oxy-compounds (B-1) used for the third and the fourth olefin polymeri- 
zation catalysts of the Invention are the same as those used for the first and the second olefin polymerization 
catalysts. 

Examples of the compounds (B-2) which react with the transition metal compound (A) to form an ion pair 
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and us8d for the third and the fourth olefin polymerization catalysts of the invention are the same as those 
used for the first and the second olefin polymerization catalysts. 

Examples of the organoaluminum compounds (C) used for the fourth olefin polymerization catalyst of the 
invention are the same as those used for the second olefin polymerization catalyst 

The fine partide carrier used for the third and the fourth olefin polymerization catalysts of the invention 
is an inorganic or organic compound, and Is a particulate or granular solid having a partlde diameter of 10 to 
300 MH). preferat)ly 20 to 200 urn. 

Ihe inorganic carrier Is preferably porous oxide, and examples thereof Include SIOj, AIA. MgO. ZrO,, 
T1O2. B A. CaO, ZnO, BaO. 7TlO^ and mixtures thereof such as SiOrMgO. SIOrAljOj. SiOrTiOj, SIOj-ViOs. 
SiOrCr^Os and SiOrTtOrMgO. Of these, prefered Is a carrier containing SiOi and/or AljOs as its major com- 
ponent 

The above-mentioned inorganic oxides may contain carbonates, sulfates, nitrates and oxides, such as 
Na^CO,. K2CO3, CaCO,. MgCO,. NajSO^, AlatSOJj. BaSO*. KNO,. Mg(NOd^ AI{NO,h NaA Kfi and Ufi, 
in a smalt amount 

The fine particle carrier is varied in its properties depending on the kind and the process for the preparation 
thereof, but preferably used in the Invention is a carrier having a specific surface area of 50 to 1,000 m^/g, 
preferably 100 to 700 m^/g. and a pore volume of 0.3 to 2.5 cm^/g. The fine partlde carrier Is used after caldned 
at 100 to 1.000 ''C. preferably 150 to 700 X. if necessary. 

Also employable as the fins partide carrier In the Invention is a granular or particulate solid of an organic 
compound having a partide diameter of 10 to 300 |im. Examples of the organic compounds Indude (co)poly- 
mers prepared mainly from a-oleffns of 2 to 14 carton atoms such as ethylene, propylene, l-butene and 4- 
methyl-l-pentene. and (co)polymers prepared mainly from vinylcydohexane orstyrene. 

The fine partide carrier may contain a surface hydroxy! group or water. In this case, the surface hydroxyl 
group is contained in an amount of not less than 1.0 % by weight preferably 1 .5 to 4.0 % by weight, more pre- 
ferably 2.0 to 3.5 % by weight; and water is contained in an anwunt of not less than 1.0 % by weight preferably 
1.2 to 20 % by weight more preferably 1.4 to 15 % by weight The water contained In the fine partlde carrier 
means water which is adsorbed on the surface of the fine partide earner. 

The amount (% by weight) of the adsorbed water and the amount (% by weight) of the surface hydroxyl 
group in the fine partide canrier can be detemilned in the following manner. 

Amount of adsorbed water 

The weight reduction of the fine partide carrier after drying at 200 ''C under ordinary pressure for 4 hours 
in a stream of nitrogen Is measured, and a percentage of the weight after the drying to the weight before the 
drying is calculated. 

Amount of surface hydroxyl group 

The weight of the fine partide carrier after drying at 200 'C under ordinary pressure for4 hours in a stream 
of nitrogen is taken as X (g). The carrier is calcined at 1.000 'C for 20 hours to obtain a caldned product con- 
taining no surface hydroxyl group. The weight of the calcined product thus obtained is taken as Y (g). The 
anwunt (% by weight) of the surface hydroxyl group is calculated from the following formula. 
Amount (wt%) of surface hydroxy! group = {(x-Y)/X) x 100 

Further, in the third and the fourth olefin polynwrization catalysts of the invention, such water as described 
in the first and the second olefin polymerization catalysts may be used as a catalyst component 

The third olefin polymerization catalyst of the invention (i.e.. solid catalyst component) can be prepared 
by mixing the fine partlde canier. the component (A) and the component (B-1) (or the component (B-2)), and 
if desired water (catalyst component). In an Inert hydrocarbon medium (sdvent) or an olefin medium (sohrent). 
In the mixing of those oomponents. the component (C) can be further added. 

There is no specific limitation on the order of mixing those oomponents. 

However, preferred processes are: 
a process in which the fine partide carrier is mixed and contacted with the component (B-1 ) (or the oonv 
ponent (B-2). and then with the component (A), followed by mixing with water if desired; 

a process in which a mixture of the component (B-1) (or the component (B-2)) and the component (A) 
Is mixed and contacted with the fine partide carrier, fdlowed by mixing with water if desired; and 

a process in which the fine partide carrier is mixed and contacted with the component (B-1) (or the conv 
ponent (B-2)) and water, followed by mixing with the component (A). 

In the mixing of each components, the component (A) Is used In an amount of usually 10-" to 5 x l0-» mol. 
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preferably 3 x 1(H to mol. per 1 g of the fine particle carrier and a concentration of the component (A) 
is in the range of alwut 5 x 1(H to 2 x 1 0-2 mo!/liter-medium, preferably 2 x io-« to 10-^ mol/liter-medium. An 
atomic ratio (Al/lransition metal) of aluminum in the component (B-1) to the transition metal in the component 
(A) is in the range of usually 10 to 3.000. preferably 20 to 2.000. When the component (B-2) Is used, a molar 
ratio (component (A)/component (B-2}) of the component (A) to the component (B-2) Is in the range of usually 
0.01 to 10. preferably 0.1 to 5. 

When water is used as a catalyst component, a molar ratio (Ale. i/HjO) of the aluminum atom (Ala. ,) In the 
component (B-1) to water (H2O) is In the range of 0.5 to SO. preferably 1 to 40. 

The temperature for mixing the components is In the range of usually -SO to 1 50 'C. preferably -20 to 1 20 
•C; and the oontaet time Is in the range of 1 to 1.000 minutes, preferably 5 to 600 minutes. The mixing tem- 
perature may be varied while the components are mixed and contacted with each other. 

The fourth olefin polymerization catalyst according to the invention is formed from the above-mentioned 
third olefin polymerization catalyst (solid catalyst component) and the organoaluminum compound (C). The 
component (C) is used in an amount of not more than 500 mol. preferably 5 to 200 mol. per 1 g of the transition 
metal atom in the component (A) contained in the solid catalyst component 

The third and the fourth olefin polymerization catalysts of the invention may contain other components 
useful for the olefin polymerization than the above-described components. 

Examples of the inert hydrocarbon media (solvents) used for preparing the third and the fourth olefin poly- 
merization catalysts of the invention are the same as those used for the first and the second olefin polymeri- 
zation catalysts. 

Next, the fifth and the sbcth olefin polymerization catalysts according to the invention are described. 
The fifth olefin polymerization catalyst according to the invention comprises: 
a fine partide carrier 

(A) a transition metal compound represented by the above formula (I); 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-compound. and 

(B-2) a compound which reacts with the transition metal compound to form an ion pain and 
a prepolymerized olefin polymer produced by prepolymerization. 
The sixth olefin polymerization catalyst according to the invention comprises: 
a fine partide carrier; 

(A) a transition metal compound represented by the above formula (I); 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) a compound which reacts with the transition metal compound to form an ion pair; 

(C) an organoaluminum compound; and 

a prepolymerized olefin polymer produced by prepolymerization. 

Examples of the fine partide carrier used for the fifth and the sixth olefin polymerization catalysts of the 
invention are the same as those for the aforesaid third and fourth olefin polymerization catalysts. 

The transition metal compound (A) used for the fifth and the sixth olefin polymerization catalysts of the 
invenUon is the same as that for the aforesaid f iret and second olefin polymerization catalysts, and is repre- 
sented by the above fonnula (l)> 

Examples of the organoaluminum oxy-compounds (B-1) used for the fifth and the sixth olefin polymeri- 
zation catalysts of the invention are the same as those used for the first and the second olefin polymerization 
catalysts. 

Examples of the compounds (B-2) which react with the transition metal compound (A) to form an ion pair 
and used for the fifth and the sixth olefin polymerization catalysts of the invention are the same as those used 
for the first and the second olefin polymerization catalysts. 

Examples of the organoaluminum compounds (C) used for the sixth olefin polymerization catalyst of the 
invention are the same as those used for the second olefin polymerization catalyst. 

Further, in the fifth and the sixth olefin polymerization catalysts of the invention, such water as described 
in the first and the second olefin polymerization catalysts may be used as a catalyst component 

The fifth olefin polymerization catalyst of the invention can be prepared by prepolymerizing a small amount 
of an olefin to the solid catalyst component The solid catalyst component is obtained by mixing the fine partide 
carrier, the component (A) and the component (B-1) (or the component (B-2)), and if desired water, in an inert 
hydrocarbon medkjm (soh^ent) or an olefin medium (sokent). In the mixing of those components, the compo- 
nent (C) can be further added. 

There is no specific limitation on the order of mixing those components. 

However, preferred processes are: 
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a process in which the fine partide carrier is mixed and contacted with the component (B-1 ) (or the conv 
ponent (B-2)), and then with the component (A), followed by mixing with water if desired 

a process in which a mixture of the component (B-1) (or the component (B-2)) and the component (A) 
is mixed and contacted with the fine partide carrier, followed by mixing with water If desired; and 

a process in which the fine partide carrier is mixed and contacted with the component (B-1){or the conf»- 
ponent (B-2)) and water, followed by mixing with the component (A). 
The mixing of the components is desirably carried out with stirring. 

In the mixing of each components, the component (A) is used in an amount of usually 1(H to 5 x l(H mol. 
preferably 3 x 1 to 1 tH mol. per 1 g of the fine partide carrier; and a concentration of the component (A) 
is in the rangeof about 5 X 10-»to2 X 10-2mol/lilBr-medlum, preferably 10* to 10^ mol/llter-mrt^^ 
weight ratio (Al/tiansition metal) of aluminum in the component (B-1) to the transition metal in the component 
(A) is in the range of usually 10 to 3,000. preferably 20 to 2.000. When the component (8-2) la used, a molar 
ratio (component (A)/component (B-2)) of the component (A) to the component (B.2) is in the range of iisuafly 
0.01 to 10, preferably 0.1 to 5. 

When water is used as a catalyst component, e mdar ratio (Ala. 1/H2O) of the aluminum atom (AIb. t) in the 
component (B-1) to water (HjO) is in the range of 0.5 to 50, preferably 1 to 40, 

The temperature for mixing the components is in the range of usually -50 to 1 50 "C, preferably -20 to 1 20 
*C; and the contact time is in the range of 1 to 1,000 minutes, preferably 5 to 600 minutes. The mixing tem- 
perature may be varied while the components are mixed and contacted with each other. 

The fifth olefin potymerizatton catalyst of the invention can be prepared by prepolymerizlns an olefin In 
the presence of the above-mentioned components. The prepolymerizatton can be carried out by Introdudng 
an def In into an inert hydrocarbon medium (solvent) in the presence of the components and If necessary the 
component (C). 

In the prepolymerizatton, the component (A) ia used in an amount of usually 10^ to 2 x 10-^ mol/liter. pre- 
ferably 5 X 10-^ to 10-2 md/liter. The prepolymerizatlon temperature is in the range of -20 to 80 ^C. preferably 
0 to 50 «C; and the prepolymerizatlon time is 0.5 to 100 houra. preferably about 1 to 50 hours. 

The olefin used for the prepolymerization is selected from olefins which are used for pdymerizatlon. and 
it is preferable to use the same monomer as used In the polymerization ore mbcture of the same nwnomer as 
used in the polymerization and an a-def in. 

In the olefin polymerization catalyst of the invention obtained as above, it Is desired that the transition metal 
atom is supported In an amount of about 10-« to 10-* g atom, preferably 2 x ia-« to 3 x 10-* g atom. per 1 g of 
the fine partide can-ien and the aluminum atom is supported in an amount of about 10-^ to 10-^ g atom, pre- 
ferably 2 X 10-3 to 5 X 10-2 g atom, per 1 g of the fine partide carrier. Further, it is also desired that the component 
(B-2) is supported in an amount of 5 x 1 0-Mo 0.1 g atom, preferably 2 x 10-^ to 3 x 10-» g*atom. In temw of 
the boron atom contained In the component (B-2). 

The amount of the prepdymerized pdymer prepared by the prepolymerization Is desired to be in the range 
of about 0.1 to 500 g. preferably 0.3 to 300 g, particularly preferably 1 to 100 g, per 1 g of the fine partide . 
carrier. 

The aixth olefin polymerization catalyst of the invention is fomied from the above-mentioned fifth olefin 
polymerization catalyst (component) end the organoaluminum compound (C). The organoaluminum compound 
(C) is used in an amount of not more than 500 mol. preferably 5 to 200 mol, per 1 g atom of the transition metal 
atom in the component (A). 

The fifth and the sixth olefin polymerization catalysts of the invention may contain other components use- 
ful for the olefin polymerization than the above-described components. 

Examples of the inert hydrocart)on sdvents used for the fifth and the sixth def In polymerization catalysts 
of the invention are the same as those used for preparing the aforesaid first and second olefin polymerization 
catalysts. 

Pdyolef Ins obtained by the use of the olefin polymerization catalysts as described above have a narrow 
molecular weight distribution, a narrow composition distribution and a high mdecular weight and the olefin 
polymerization catalysts have a high pdymerization activity. 

Further, when olefins of 3 or more cartran atoms are polymerized in the presence of the olefin polymeri- 
zation catalysts, polyolef ins having excellent stereoregularity can be obtained. 

Next, the process for olefin polymerization according to the present invention is described. 

An olefin is polymerized in the presence of any of the above-described olefin polymerization catalysts. 
The pdymerizetion may be carried out by a liquid phase polymerization process such as a suspension poly- 
merization or by a gas phase pdymerizatlon. 

In the liquid phase potymerizatton process, the same inert hydrocart)on sohrent as used In the preparation 
of the catalyst can be used, or the olefin itself can be also used as a solvent 
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In the potymerization of an olefin using the first or the second polymerization catalyst, the catalyst is used 
in an amount of usually 1(H to 10-' g atom/liter, preferably 10-^ to 10-*g.atom/liter. in terms of a concentration 
of the transition metal atom of the component (A) In the polymerization system. 

In the polymerization of an olefin using the third or the fourth polymerization catalyst, the catalyst is used 
In an amount of usually 1 0-« to 1 0-» g atom/liter, preferably 1 0-^ to 1 0-» g atom/liter. in terms of a concentration 
of the transition metat atom of the component (A) In the polymerization system. In this case, an aluminoxane 
which is not supported on the carrier may be employed. If desired. 

in the polymerization of an olefin using the fifth or the sbcth polymerization catalyst the catalyst is used 
In an amount of usually 1(H to 10-» g atom/liter, preferalily 10*' to g atom^liter. In terms of a concentration 
of the transition metal atom of the component (A) in the polymerization system. In this case, an aluminoxane 
which is not supported on the carrier may be employed, if desired. 

In the slurry polymerization, the temperature for the olefin polymerization is in the range of usually -100 
to 100 'C. preferably -50 to SO X. In the liquid phase polymerization, the temperature is in the range of usually 
-100 to 250 'C. preferably -50 to 200 'C. In the gas phase polymerization process, the temperature is in the 
range of usually -47 to 1 20 "C. preferably -40 to 1 00 ''C. The polymerizalion pressure is In the range of usually 
atmospheric pressure to 100 kg/cm^, preferably atmospheric pressure to 50 kg/cm^. The polymerization reac- 
tion can be carried out either batchwise, semicontinuously or continuously. Further, the polymerization may 
be performed In two or more stages having different reaction conditions. 

The molecular weight of the resulting olefin polymer can be regulated by allowing hydrogen to exist In the 
polymerizatkjn system or by varying the polymerization temperature. 

Examples of the olefins to be polymerized using the olefin polymerization catalysts of the invention Indude: 
a-deflns of 2 to 20 carton atoms, such as ethylene, propylene. 1-butene, 1-pentene, 1-hexene. 4-me- 
thyl-1-pentene, 1-octene, 1*decene. 1-dodecene. 1-tetradecene. 1-hexadecene. 1-octadecene and 1-elco- 
sene; and 

cydodefinsof 3 to 20 carbon atoms, such as cydopentene, cydoheptene. norborneno. 5-methyl-2-nor- 
bornene. tetracydododecene and 2-methyl-1 .4,5,8-dlmethano-1.2.3.4.4a,5.8,8a-octahydronaphthalene. 
Also employable are styrene. vinylcydohexane. diene. etc. 

The olefin polymerization catalyst according to the present invention is suitably used for homopolymeri- 
zatlon of propyiene or copolymerization of propylene with at least one kind of a-oiefin selected from the group 
consisting of ethylene and a-defins of 4 to 20 carbon atoms. 

Pdydef in obtained by using the olefin polymerization catalyst of the present invention (e.g., said pdyolef in 
is a propylene/ethylene copolymer containing not less than 50 % by moi of propylene unit) usually has a value 
of Mw/Mn of 1 .5 to 3.5. triad tactlcity (mm fraction) of not less than 98.0 %. a proportion of Inversely inserted 
units based on 2,1-lnsertion of propylene monomer of not more than 0.20 %, and a proportion of inversely in- 
serted units based on 1,3-lnsertion of propylene monomer of not more than 0.03 %. 

When the resulting polyolef in is a propylene homopdymer, said polymer usually has a value of Mw/Mn of 
1 .5 to 3.5. triad tadidty (mm f radlon) of not less than 99.0 %. a proportion of inveraely inserted units based 
on 2,1-insertion of propylene monomer of not more than 0.50 %, and a proportfen of inversely inserted units 
baaed on 1.3-ln8ertion of propylene monomer of not more than 0.03 %. 

The propylene homopdymer, the propylene copolymer and the propylene elastomer according to the in- 
vention are described hereinafter. 

Propylene homopdymer 

The f iret propylene homopdymer according to the present invention is a homopolymer of propylene ob- 
tained by homopdymerizatlon of propylene in the presence of the aforementioned catalyst for olefin polymer- 
ization. 

The propylene homopolymer of the invention desirably has an intrinsic viscosity [r\l as measured in dec- 
ahydronaphthalene at 135 ''C. of 0.1 to 20 dl/g, preferably 0.5 to 10 dl/g, more preferably 1 to 5 dl/g, and a 
value of Mw/Mn of 1.5 to 3.5, preferably 2.0 to 3.0. more preferably 2.0 to 2.5. 

The second propylene homopdymer according to the Invention has a triad tadlcity of not less than 99.0 
%. preferably not less than 99.2 %, more preferably not less than 99.5 %. The tenn "triad tactidty" means a 
proportion of such of three propylene units chains 0.e., chains consisting of three propylene units continuously 
bonded) that the directiona of methyl branches in the propylene chain are the same as each other and each 
propylene unit is bonded to each other with head-to-tail bonds, to total three propylene units chain in the poly- 
mer, and this tenm is sometimes referred to as 'mm f radlon" hereinafter. It is also desirably that the proportion 
of inversdy Inserted units based on 2.1-insertion of propylene monomer Is in the range of not more than 0.50 
%. preferably not more than 0.18 %, more preferably not more than 0.15 %, and the intrinsic viscosity [til. as 
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measured In decahydranaphlhalene at 1 35 *C. is in the range of 0.1 to 20 dJ/g. preferably 0.5 to 1 0 di/g, more 
preferably 1 to 5 dl/g. 

The propylene homopolymer having a triad tacticity (mm fraction) of not less than 99.0 %. a proportion of 
inversely inserted units based on 2. l-insertion of propylene monomer of not more than 0.5 %, and an intrinsic 
5 viscosity Cnl. as measured in decahydronaphthalene at 135 «C. of 0.1 to 20 dl/g is novel. 

Moreover, in the second propylene homopolymer according to the present Invention, a proportion of In- 
versely inserted units based on 1.3-insertion of propylene monomer Is desirably less than the minimum limit 
of detection by a measurement of 'K:-NMR. and a value of Mw/Mn is desirably In the range of 1.5 to 3.5. pre- 
ferably 2.0 to 3.0. more preferably ZO to 2.5. 
10 The second propylene homopolymer of the invention can be prepared by homopolymerizlng propylene In 
the presence of. for example, the aforesaid olefin polymerization catalysts. The polymerizaUon can be carried 
out by a liquid phase polymerization (e.g.. a suspension polymerization and a solution polymerization) or a gas 
phase polymerization. 

In the liquid phase polymerization, the same inert hydrocarbon soh^ent as used for preparing the aforesaid 
15 catalyst can be used, or propylene can be also used as a solvent 

In the suspension polymerization, the temperature for polymerizing propylene is in the range of usually -50 to 
100 preferably 0 to 90 ''C. In the solution polymerization, the temperature Is in the range of usually 0 to 250 "C, 
preferably 20 to 200 *C. In the gas phase polymerization, the temperature is in the range of usually 0 to 120 'C. 
preferably 20 to 100 •C. The polymerization pressure Is In the range of usually atmospheric pressure to 100 
20 kg/cm». preferably atmospheric pressure to 50 kg/cm*. The polymerization reaction can be carried out either 
batchwise, semicontinuously or continuously. Further, the polymerization can be carried out In two or more 
stages having different reaction conditions. 

The molecular weight of the resultant propylene polymer can be regulated by allowing hydrogen to exist 
in the polymerization system or by varying the polymerization temperature and the pdymerizatton pressure. 

25 

Propylene copolymer 

The first propylene copoiymer according to the present invention is a propylene/a-olef in copolymer ob- 
tained by copolymerizatton of propylene and at least one kind of a-olefin selected from the group consisting 
30 of ethylene and a-oleflns of 4 to 20 cart>on atoms in the presence of the aforementioned catalyst tor olefin 

polymerization. 

The propylene copolymer contains propylene units in an amount of not less than 50 % by md, preferably 
not less than 60 % by mol. more preferably not less than 70 % by mol. and comonomer units derived from the 
a-olefin selected from the group consisting of ethylene and a-olefins of 4 to 20 carixin atoms In an amount of 
35 not more than 50 % by mol, preferably 5 to 40 % by mol, more preferably 10 to 30 % by mol. 

Examples of a-olefin of 4 to 20 cart)on atoms include 1-butene. l-pentene. 1-hexBno.4'm8thyl-1-penlenB. 
1-heptone, 1-octene, 2-ethyt-1-hexene. 1-decene. 1-dodecene, 1-tetradecene and 1-eicosene. 

Of these, preferred comonomers used forcopoiymerization include ethylene. 1-butene, 1-pentene. 1-hex- 
ene. 1-octone and 1-decene. 

In the present invention, composition of the propylene copolymer is detemiined by using ^'C-NMR. 
The propylene copolymer has an intrinsic viscosity hi, as measured in decahydronaphthalene at 135 "C, 
of 0.1 to 20 dl/g, preferably 0.5 to 10 dl/g. more preferably 1 to 5 dt/g. and a value of Mw/Mn of 1.5 to 3.5, pre- 
ferably 2.0 to 3.0, more preferably 2.0 to 2.5. 

The second propylene copolymer according to the present Invention contains propylene units In an amount 
of not less than 50 % by mol. preferably not less than 60 % by md, more preferably not less than 70 % by md, 
and ethylene units In an amount of not more than 50 % by md. preferably 5 to 40 % by mol. more preferably 
10 to 30 % by md. The propylene copdymer may contain constituent units derived from other define than 
propylene and ethylene, for example, monomer units derived from other monomera such as the aforemen- 
tioned a-oleflns of 4 to 20 carbon atoms and dienes in a small amount 

The second propylene copolymer according to the invention has a triad toctidty (mm fraction) of not less 
than 98.0 %. preferably not less than 98.2 %. more preferably not less than 98.5 %. It is also desirably that the 
proportion of Invereely inserted units based on 2.1-insertion of propylene monomer is in the range of not more 
than 0.50 %. preferably not more than 0.18 %. more preferably not more than 0.15 %, and an intrinsic viscosity 
(id. as nwasured in decahydronaphthalene at 135 «C. is in the range of 0.1 to 20 difg, preferably 0.5 to 10 dl/g, 
more preferably 1 to 5 dl/g. 

The propylene/ethylene random copdymer having a triad tectlcity (mm f ractton) of not less than 98.0 %. 
a proportion of Inversely inserted units based on 2, 1-lnsertton of propylene monomer of not more than 0.5 %, 
and an intrinsic viscosity (n). as measured in decahydronaphthalene at 135 X, of 0.1 to 20 dl/g Is novd. 
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Moreover, in the second propylene copolymer according to the present invention, a proportion of inversely 
inserted units based on 1 .^insertion of propylene ownonrter is desirably less than the minimum limit of detec- 
tion by a measurement of '^C-NMR. and a value of Mw/Mn is desirably in the range of 1.5 to 3.5. preferably 
2.0 to 3.0, more preferably ZO to 2.5. 

The second propylene copolymer of the invention can be prepared by copolymerlzing propylene and ethy- 
lene in the presence of, for example, the aforesaid olefin polymerization catalysts. The copolymerization can 
be carried out by a liquid phase polymerization (e.g.. a suspension polymerization and a solution polymeriza- 
tion) or a gas phase polymerization. 

In the liquid phase polymerization, the same inert hydrocarbon solvent as used for preparing the aforesaid 
catalyst can be used, or propylene and/or ethylene can be also used as a soh^ent 

In the suspension pdymerizaiion. the temperature for oopolymerizing propylene and ethylene Is in the 
range of usually -50 to 1 00 'C, preferably 0 to 90 •C. In the solution polymerization, the temperature is in the 
range of usually 0 to 250 'C. preferably 20 to 200 '>C. In the gas phase polymerization, the temperature is in 
the range of usually 0 to 120 X, preferably 20 to 100 *C. The copolymerization pressure is in the range of 
usually atmospheric pressure to 100 kg/cm^, preferably atmospheric pressure to 50 kg/cm^. The copolymeri- 
zation reaction can be carried out either batchwise, semicontinuously or continuously. Further, the copolymer- 
izatton can be carried out In two or more stages having different reactton conditions. 

The third propylene copolymer according to the present Invention contains propylene units In an amount 
of 95 to 99.5 % by mol, preferably 95 to 99 % by mol. more preferably 95 to 98 % by mol, and ethylene units 
in an amount of 0.5 to 5 % by nral. preferably 1 to 5 % by mol. more preferably 2 to S % by mol. 

The propylene copolymer may contain constituent units derived from other olefins ttian propylene and 
ethylene in an amount of not more than 5 % by mol. 

The third propylene copolymer according to the invention has a triad tacttdty of not less than 95.0 %. pre- 
ferably not less than 96.0 %. more preferably not less than 97.0 %. It is also desirably that the proportion of 
inversely inserted units based on 2.1-lnsertlon of propylene monomer is in the range of 0.05 to 0.5 %, preferably 
0.05 to 0.4 %. more preferably 0.05 to 0.3 %. and the intrinsic viscosity [r\], as measured in decahydronaph- 
thalene at 135 •C, is in the range of 0.1 to 12 dl/g, preferably 0.5 to 12 dl/g. more preferably 1 to 12 dl/g. 

In the propylene copolymer of the invention.thea proportion of inversely inserted units based on 1,3-in- 
sertlon of propylene monomer Is desirably not more than 0.05 %. 

The third propylene copolymer according to the present invention can be prepared by oopolymerizing ethy- 
lene and propylene in the presence of an olefin polymerization catalyst, for example, a catalyst comprising ; 

(A) a transition metal compound represented by the following formula (la); 

(B) at least one compound selected from the group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) a compound which reacts with the transition metal compound to form an ion pair, and optionally. 

(C) an organoaluminum compound. 

The transition metal compound used in the preparation of the third propylene copolymer according to the 
present inventton is a transition metal compound represented by the following formula (la). 



M 




In the formula (la), is a transition metal atom mentioned in the aforementioned fomiula (1). 

R* Is a hydrogen atom, a halogen atom, a hydrocartwn group of Ho 20 cartmn atoms, a halogenated hy- 
drocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing group, a sulfur- 
containing group, a nitrogen-containing group or a phosphorus-containing group. Examples of the halogen 
atoms, the hydrocart)on groups of 1 to 20 cartwn atoms, the halogenated hydrocart)on groups of 1 to 20 carimn 
atoms include the atoms and groups exemplified for and in the aforementioned formula (I). 

Examples of the sllfcon-containing groups include monohydrocartion-substituted silyl such as methylsityt 
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and phenylsiiyi; dihydrocarborvsubstituted silyl such as dimethytsily! and diphenylsiiyi; trihydrocafbon-substn 
tuled silyl such as trimethylsilyl, triethytsilyl. tripropylsilyl. tricyclohexytsllyf. triphenylsilyl. dimethyfphenylsilyt. 
methytdiphenylsilyl, tritolylsilyl and trinaphthylsilyl; sityl ether of hydrocarbon-substilutBd silyl such as trime- 
thylsilyl ether silicon-substituted alkyi group such as trimethylsitylmethyl; and silicon-substituted aryl group 
such as trimethyfphenyl. 

Examples of the oxygen-containing groups indude a hydroxy group; an alkoxy group such as methoxy. 
ethoxy, propoxy and butoxy; an aflyloxy group such as phenoxy, methyl phenoxy. dlnwthylphenoxy and naph- 
thoxy; and an arylalkoxy group such as phenylmethoxy and phenyiethoxy. 

Examples of the sulfur-containing groups Include groups obtained by substituting sulfur for oxygen In the 
abova-memionad oxygen-containing groups. 

Examples of the nitrogen-containing groups indude an amino group; an alkylamino group such as methy- 
lamino. dimethytamino. diethylamino, dipropylamino. dibutylamino and dicydohexylamino; an arylamtno group 
such as phenylamino, diphenylamino. ditdyfamlno. dinaphthylamino and methylphenyfamino; and an afkylar- 
ylamino group. 

Examples of the phosphoros-oontaining groups indude a phosphino group such as dimethylphosphino and 

diphenylphosphino. 

Of these. R« is preferably a hydrocarbon group, particularly a hydrocarbon group of 1 to 4 carbon atoms 
such as methyl, ethyl, propyl and butyl. 

is aryl group of 6 to 16 carbon atoms, and examples thereof aro the same as the groups described as 

The aryl groups may be substituted with a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or 
a halogenated hydrocarbon group of 1 to 20 carbon atoms, as same es the afrementioned R» 

XI and X? are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing 
group. Examples of those atoms and groups indude the halogen atoms, the hydrocarbon groups of 1 to 20 
carbon atoms, the halogenated hydrocarbon groups of 1 to 20 carbon atoms and the oxygen-containing groups 
exemplified above with respect to and X2 as described in the aforementioned fonnula (I). 

is a divalent hydrocarbon group of 1 to 20 caiton atoms, a divalent halogenated hydrocarbon group of 
1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent 
tin-containing group, -a, -CO, -S-. -SO-, -SOr. -NRJ-, -P(Ra)-. -P(0){R3)-. -BR*- or-AIRJ- (R^ b a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 
1 to 20 carbon atoms). Examples thereof Indude the same groups mentioned as Y In the afbrementioned for- 
mula (I) and divalent tin-containing groups indude groups obtained by substituting tin fbr silicon in the above- 
mentioned divalent silicon-containing groups. 

Of these, preferred are a divalent silicon-containing group, a dhralent gemianium-containing group and a 
dhralent tin-containing group. More preferred is a dh^ent silicon-containing group. Of the silicon-containing 
groups, alkylsiiylene, alkylarylsilytene and arylsilylene aro particularly preferred. 

Listed below are examples of the transition metal compounds represented by the above formula (la). 

fBC-Dimethylsilyl-bis{1-(4-phenylindenyl))zirconium dichloride, 

rac-Dimethylsilyi-bis{1-{2-methyl-4-phenylindenyl))zirconium dichloride, 

rac-0imethylsily»-bis{1 •<2-methyl-4-(a-naphthyi)indenyl)}zirconium dichloride, 

fac-Oimethylsilyl-bls{1-(2-methyl-4-0.naphthyl)lndenyl))2irconium dichloride. 

rao-Dlmethylsilyl-bls{1 -(2-melhyl-4-(1 -anthracenyl)indenyl))zIrconium dichloride, 

rac-Dimethylsllyl-bis{1«<2-methyi-4-(2-anthrac€nyt)indenyl)}zirconium dichloride. 

rac-Dimethytsllyl-bls{1 -<2-methy|.4-(9-anthracenyl)lndenyl)}zirconium dichloride. 

rac-DImethylsilyl-bis{1-<2-methyl-4-(9-phenanthryl)indenyl)}2irtx)nium dichloride. 

rac-Dimethyl8llyl-bis{1-{2-methyl-4.(p-fluorophenyl)indenyl)}2irconium dichloride. 

rac-Dimethylsilyl-bls{1 -<2-methyl-4.(pentaf luorophenyl)indenyl)}zireonium dichloride. 

rao.Dlmethylsilyl-bis{1 -(2-methyl-4-(p^hlorophenyl)indenyl))2irconium dichloride. 

rac-0lmethyl8ilyl-bis{1-{2-methyl-4.(m-chtorophenyl)lndenyl))2irconium dichloride. 

rao-Dimethyl8lIyl-bls{H2-methyl-4.(o-chlorophenyl)lndenyl))zlrcon&jm dichloride, 

rac-Dlmethyl8ilyl-bls(1-(2-methyt-4-(o,p-dichlorophenyl)phenyl-1-lndenyl))zlrconiumdlc^ 

rBo.Dimethylsilyl-bis{1.(2-methyl-4-(p-bromophenyl)indenyl))zirconlum dichloride, 

rac-Dimethylsily|.bis{1 -(2-methyf-4.(p.tolyl)indenyl))zirconium dichloride. 

rBC-DImethylsilyl-bis{1 -(2-methyl-4-(m-tolyl)lndenyl))zirconlum dichlorwle. 

rac-Dimethylsilyl-bls{1-<2-methyl-4-{o-tolyl)lndenyl)}zlrconium dichloride, 

ra&-Dimethytsllyl-bis{H2-methyl.4-(o,o'-dimethylphenyl)indenyl))2iroonlum dichloride. 

rac.Dlmethylsllyl-bls{1-(2-methyl-4-(p-ethylphenyl)indenyl)}2lrconi 
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r8c-Dimethylsi(y|.bis(H2-melhyl-4.(p.f.propylph8nyl)indenyl}}2rrconiumdich^ 

rac-Dlmelhylsilykbis{l-{2-melhyl-4-(p.benzylphenyl)indeny<))2ifconjumdicW^^^ 

rac-Dimeihytsilyl-bis{1 -<2-methyi-4-(p^biphBnyl)indenyl))2irconium dicWaride. 

fa(>0imethyfsllyl-bis{1-(2-methyl-4-(m-bjphenyl)indenyi))2irconiufn dichtoride, 

fac-Oimethytsjfyl-bis{H2-methyf-4-(p-trimethyls«ylphenyl)indenyl))2irconlum dichloride, 

rac-Dimethy1sl(yl-bis{H2-methyl-4.(nvtrimethylsllylphenyl)lndenyl))zirco^ 

rao-Olmelhylsilyl-bis{H2-cthyl^phenylindenyl))2irconhjmdichlorW 

ra(>^lphenylsllyl-bis{1-(2-ethyl-4.phenyfindenyl))ztrconiumdlchloride. 

^ac-OImethylsily^bis{1-<2-phenyl-4-phenylindenyl))2irconiumdichloride^ 

rac-Olmethyfsllyl-bis{H2.fvpropyl-4-phenylindertyl))2irconium dictiloride, 

fac-Oiethyisilyl-bls{1-(2-mBthyl-4-phenylindenyl))2inxjnlumdichloride, 

ra<>DK»-propyl)5llyl-bis{1-(2-methyt-4.phenylindenyl))zirconium dichloride. 

rac-0Kn-butyl)silyl-bis{1-(2-methyl^phenytindeny1)}zirconium dichloride. 

fa<>DicydohBxy1silyl-bis{1-(2-melhyl-4-phenylind8nyi))zirconium dichloride. 

racHnethytphenylsjfyl-bis{1-{2-methyl-4-phenyfindenyl))2irconium dichloride, 

rac-d[phenyl3ilyl-bis{1-(2-methyM-phenylindenyl))zirconjum dichloride, 

rac-dl{p.tolyl)silyl-bls{1-(2-methyl-4.phenyllndenyl))2irconium dichloride. 

rac-dl(p-chlorophenyJ)silyl-bls{1.(2-methyM-phenyllndenyl)}2lrconiijm dichloride 

fac-methylene-bls{1-(2-melhyl-4-phenyllndenyl))zlrconiumdlchIofWe. 

rac-ethylenft.bls{1-(2-methyM-phenylindenyl))zireonium dichloride, 

»ac-dimethylgennyl-bis{1-(2-methyt-4.phenylindenyl))zirconium dichloride. 

rac^lmethyl8lany»-bis{1-<2-inethyf-4-phenylindBnyl)}2irconium dichloride. 

rac-dimethyl8ilyl-bis{1-(2-methyi-4-phenylindenyl))zirconiufndibromrde. 

rac-dimeihylsilyl-bis{1-(2-methyl-4-ph8nylindenyl))2irconium dimethyl. 

rac-dlmelhyl8ilyl-bis{1-(2-niethyl-4-phenylind8nyl))zirconium methylchloride, 

rac-dimelhylsily|.bis{1.(2-m8thyU-phenylindenyl))2irconlum monochioride mo^ 
fonato), 

rac-dlmethy1silyl-bi3{1-(2-methyl-4*phenylindenyl))zirconium dl(trifluoromethanesulfonato). 
rac^imethylsilyl-bls{1-(2-methyW-phenyllndenyl)}zirconium dl(p-toluenesu)fonato), 
raC'<limethytsilyl-bis(1-{2-melhyl^-phenyllndenyl))2irconiumdi{methylsutfonato). 
rac-dimethy1silyi-bls{1-(2-methyl-4-phenylindenyl))zirconium di(trifiuoromethanesuIflnato), 
rac-dimethylsilyl-bls{1-(2-methyl-4-phenyllndenyl))2irconium di(trinuoroacetato), 
rac-dimethylsilyl-bis{V(2-nMthyl-4-phenylindenyl)}2ireoniumnK)nochloride(n-^ 
rac-dlmethyl8ilyl-bls{1-{2-methyl-4-phenylindenyl))zlrconium di(n-butoxide). and 
fac-dirnethylsilyl-bis{1-(2-methyl-4-phenylindenyt))2irconlum monochloride (phenoxide). 
There may also be used the transition metal compounds obtained by substituting titanium metal, hafnium 
metal, vanadium metal, niobium metal, tantalum metal, chromium metal, molybdenum metal or tungsten metal 
for zirconium metal in the above-exemplified compounds. 

The transition metal compound is used as an olefin polymerization catalyst component in the form of usu- 
ally a racemlc modification, but the R configuration or the S configuration can be also used. 

An olefin polymerization catalyst used for the preparation of the propylene copolymer according to the pres- 
ent Invention is a catalyst obtained by replacing the component (A) of the first to sUth olefin polymerization 
catalysts with the transition metal compound represented by the aforementioned fomiula (la). 

The propylene copolymer of the invention can be prepared by copolymerizing propylene and ethylene in 
the presence of. for example, the aforesaid olefin polymerization catalysts. The copolymerization can be car- 
ried out by a liquid phase polymerization (e.g.. a suspension polymerization and a solution polymerization) or 
a gas phase polymerization. 

In the liquid phase polymerization, the same inert hydrocartwn sohrent as used for preparing the aforesaid 
catalyst can be used, and propylene and/or ethylene can be also used as a solvent. 

In the suspensbn polymerization, the temperature for copolymerizing propylene and ethylene is In the 
range of usually -50 to 100 "C, preferably 0 to 90 'C. In the solution polymerization, the temperature is in the 
range of usually 0 to 250 'C. preferably 20 to 200 »C. In the gas phase polymerization, the temperature is in 
the range of usually 0 to 120 'C, preferably 20 to 100 X. The copolymerization pressure is in the range of 
usually atmospheric pressure to 100 kg/cnr>2. preferably atmospheric pressure to 50 kg/cm^. The copolymeri- 
zation reaction can be canled out either batchwise, semfcontlnuously or continuously. Further, the copolymer- 
ization can be canried out in two or more stages having different reactton conditions. 

The molecular weight of the resultant propylene copolymer can be regulated by allowing hydrogen to exist 
in the copohrmerization system or by varying the copolymerization temperature and the copolymerization pres- 
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sure. 

PpopylBne elastomer 

The propylene elastomer of ihe Invention is a propylene/ethylene random copotymer containing piopytene 
units In an amount of 50 to 95 % by md. preferably 60 to 93 % t>y mol. more preferably 70 to 90 % by moK and 
containing ethylene units in an amount of 5 to 50 % by mol. preferably 7 to 40 % by mol, more preftobly 10 
to 30 % by nral. 

The propylene elastomer may contain constituent units derived from other olefins than propylene and elhy- 
lene in an amount of not more than 10 % by mol. 

In the propylene elastomer of the Invention, it is desirably that the triad tacticily is not less than 90.0 %, 
preferably not less than 93.0 %. more preferably not less than 98.0 %. a proportion of inversely inserted units 
based on 2, 1-insertion of propylene monomer is 0.05 to 0.5 %, preferaWy 0.05 to 0.4 %, more preferably 0.05 
to 0.3 %. and an intrinsic viscosity fril. as measured in decahydronaphthalene at 135 'C, is 0.1 to 12 dl/g, pre- 
ferably 0.5 to 12 dl/g, more preferably 1 to 12 dl/g. 

Moreover, in the propylene elastomer according to the present invention, a proportion of inversely inserted 
units based on 1 ,3-insertion of propylene monomer is desirably not more than 0.05 %, preferably not more than 
0.03. 

The propylene elastomer of the invention can be prepared by copolymerizing propylene and ethylena In 
the presence of. for example, the aforesaid olefin polymerization catalyst used In the preparation of the third 
propylene copolymer. The copolymerization can be carried out by a liquid phase polymertzatlon (e.g., a sus- 
pension pdymerizatbn and a solution polymerization) or a gas phase polymerizaUon. 

In the liquid phase polymerization, the same inert hydrocarbon soh^ent as used for praparing the aforesaid 
catalyst can be used, and propylene and/or ethylene can be also used as a solvent 

In the suspension polymerization, the temperature for copolymerizing propyteno and ethylene is in the 
range of usually -50 to 100 «>C. preferably 0 to 90 ^C. In the solution polymerization, the temperature is in the 
range of usually 0 to 250 'C. preferably 20 to 200 'C. In the gas phase polymerization, the temperature is in 
the range of usually 0 to 120 *C. preferably 20 to 100 The copolymerization pressure Is in the range of 
usually atmospheric pressure to 100 kg/cm^. preferably atmospheric pressure to 50 kg/cm^. The copolymeri- 
zation reaction can be carried out either batchwise, semicontinuously or continuously. Further, the copolymer- 
ization can be earned out in two or more stages having different reaction conditions. 

The molecular weight of the resultant propylene copolymer can be regulated by allowfrig hydrogen to exist 
in the copolymerization system or by varying the copolymerization temperature and the copolymerization pres- 
sure. 

In the present invention, the molecular weight distributbn (Mw/Mn), the triad tactlcity (mm fraction), the 
proportion of Inversely inserted units based on 2,1-insertion of propylene monomer, and the proportion of In- 
veraely inserted units based on 1.3-insertion of propylene monomer are determined by the following manner. 

Molecular Weight Distribution (Mw/Mn) 

The Mw/Mn was determined from a chromatograph measured using Gel permeatbn chromatography 
(GPC) (150-ALC/GPC^, manufactured by Waters Co.). The measurement was conducted at temperature of 
140 by using column of GMH-HT and GMH-HLT type (both manufactured by Toyo Soda K.K), and o-dlcWor- 
obenzene as an eluting solvent From the chromatograph. a number average molecular weight (Mn) and a 
weight average molecular weight (Mw). both in terms of polypropylene by universal method (with the proviso 
that when the oomonomer content is notless than 10 % by mol, polystyrene standard was used) were calculated 
to obtain Mw/Mn. 

Triad Tacticlty (mm fraction) 

Triad tactidty (mm fraction) of the propylene copolymer is determined by defining as a proportton of such 
chains of three propylene unita that directions of methyl branches In the propylene chain are the same as each 
other and each propylene units bonded to each other with head-to-tail bonds, when the madn chains are rep- 
resented by plane-zigzag structure. The triad tactidty (mm fraction) of the propylene copolymer can be de- 
termined from a "C-NMR spectrum of the propylene copolymer and the following formula: 

Triad tactidty (%) = PPP(mm) 

^ ^ ' PPP(mm) + PPP(mf) + PPP(n) * 
wherein PPP(mm),PPP(mr) and PPP(rr) denote peak areas derivedfromthemethyl groups of the secondunits 
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in the following three propylene units chain consisting of head-to-tail t)onds, respectively: 



CH3 CH3 CH3 

I I I ^ 



PPP (mm) : . (CH - CHj) - (CH - CHj) - (CH - CHj) - 



CH3 CH3 
I I 
PPP (m r) : - (CH - CHj) • (CH - CH^) - (CH - CH2) • 



CH3 CH3 



I I 



PPP (r r) : - (CH - CHj) - (CH - CH^) - (CH - CHj) - 



I 



CH3 



The ^>C-NMR spectaim is measured In the foltowing manner. A sample is completely dissolved in a mixed 
solvent containing about 0.5 ml of hexachlorobutadiene, o-dichlorobenzene or 1,2.4-trichloroben2ene and 
about 0.05 m! of deuterated benzene (I.e., lock solvent) in an NMR sample tube (diameter 5 mm), and then 
subjected to a proton perfect decoupling method at 120 *C to measure the ^^NMR spectrum. The measure- 
ment is conducted under the conditions of a flip angle of 45« and a pulse interval of not less than 3.4 T, (T, is 
a maximum value with respect to a spin-lattice relaxation time of the methyl group). In the polypropylene. Ti 
of the methylene group and T, of the methine group are each shorter than that of the methyl group, and hence 
the magnetization recovery of ail carbons under these conditions is not less than 99 %. With respect to the 
chemical shift, the methyl group of the third unit In the five propylene units chain consisting of head-to-tail 
bonds is set to 21.593 ppm. and the chemical shift of other carbon peak is determined by using the above- 
mentioned value as a reference. 

The spectrum is classified into the first region (21.1 - 21.9 ppm). the second region (20.3 - 21.0 ppm) and 
the third region (19.5 - 20.3 ppm). 

In the first region, the methyl group of the second unit in the three propylene units chain represented by 
PPP(mm) resonates. 

In the second region, the methyl group of the second unit in the three propylene units chain represented 
by PPP (mr) resonates and the methyl group (PPE-methyl group) of a propylene unit whose adjacent units are 
a propylene unit and an ethylene unit resonate. 

In the third region, the methyl group of the second unit in the three propylene units chain represented by 
PPP (rr) resonates and the methyl group (EPE-methyl group) of a propylene unit whose adjacent units are ethy- 
lene units resonate. 

Further, the propylene copolymer has the fbnowing structures (i). (li) and (iii) containing an inversely in- 



serted unit. 



Structure (i) 



A 




-(CH2- 



CH3 Cn^ CH3 

CH)-(CH2-CH).(CH2-CH). 
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Structure (ii) 

E D 
CH3 CH3 CH3 

(dn - CH2) - (CH2 - CH) - (CHj • CH) - 



E' D' 

CH3 CH3 
(CH - CH2) - (CH2 - CH) - (CH2 - CH).- 

(n S 2> 

Among the peaks derived from the structures (i). (ii) and (in), peaks of the caibon A and the carbon B do 
not appear in the first to third regions, because the carbon Aresonates at 1 7.3 ppm and the carbon B resonates 
at 17.0 ppm. Further, the carbon Aand the caibon 6 do not relate to the three propylene unite chain, and hence 
it ia not necessary to take these carbons into consideration of calculation of triad tactidty. 

Peaks of the carbon C. carbon D and carbon 0' appesf in the second regk>n; and peaks of the carbon E 
and carbon E* appear in the third region. 

Of the peaks in the first to third regions aa described above, peaks which are not based on the three pro- 
pylene units chain consisting of head-to-tail bonds are peaks based on the PPE-methyl group (resonance in 
the vfcinity of 20.7 ppm), the EPE-methyl group (resonance in the vicinHy of 19.8 ppm), the carbon C. the carbon 
D, the carbon 0*. the carbon E and the carbon E'. 

The peak area based on the PPE-methyl group can be evaluated by the peak area of the PPE^nethlne 
group (resonance In the vicinity of 30.6 ppm), and the peak area based on the EPE-methyl group can be eval- 
uated by the peak area of the EPE-methine group (resonance in the vicinity of 3Z9 ppm). The peak area based 
on the carbon C can be evaluated by the peak area of the adjacent methine group (resonance in the vldnlty 
of 31 .3 ppm). the peak area based on the carbon 0 can be evaluated by 1/2 as much as the sum of the peak 
areas of the methylene carbons of the structure (fi) (resonance in the vkrfnity of 34.3 ppm and resonance 
in the vicinity of 34.S ppm. respectively), and the peak area based on the carbon 0' can be evaluated by the 
peak area of the adjacent methine group of the methyl group of the carbon E' of the aforementioned structure 
(liO (resonance in the vicinity of 33.3 ppm). the peak area based on the carbon E can be evaluated by the peak 
area of the adjacent methine group (resonance in the vicinity of 33.7 ppm) and the peak area based on the 
carbon E' can be evaluated by the peak area of the adjacent methine group (resonance in the vidnlty of 33.3 
ppm). 

Accordingly, by subtracting these peak areas from the total peak areas of the second regton and the third 
regten. the peak areas based on the three propylene units chain (PPP(mr) and PPP(rT)) consisting of head- 
to-tail bonds can be obtained. 

Thus, the peak areas of PPP(rnm), PPP(mr) and PPP(rT) can be evaluated, and hence the triad tacUcity 
of the propylene units chain consisting of head-to tail bonds can be detemiined. 

Triad tactidty (mm fraction) of the propylene homopolymer is also detenmined by defining as a proportton 
of such chains of three propylene units that directions of methyl branches in the propylene chain are the same 
as each other and each propylene units bonded to each other with head-to-tail bonds, when the main chains 
are represented by plane-zigzag structure. The triad tactidty (mm fraction) of the propylene homopolymer can 
be determined from a '*C-NMR spectrum of the propylene copolymer and the foOowing formula: 

Triad tacticity (%) = E^SSSH x 100 

Wherein PPP(mm) has thesarne meanings definedabove. and IlcH, denotes the total areasof all ^ 
from the methyl groups. 

With respect to the chemical shift the methyl group of the third unit in the ftvB propylene units chain con- 
sisting of head-to-tail bonds is set to 21.593 ppm. and the chemical shift of other carbon peak is determined 



CH3 CH3 
-(CH2-CH)-(CH2-CH)-(CH2.CH2)- 

Structure(iii') 

CH3 CH3 
-(CH2-CH)-(CH2-ai).(CH2-CH2)„ - 
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by using the above-mentioned value as a reference. 

In this standard, the peak of the methyl group of the second unit in the three propylene units chain repre- 
sented by PPP(mm) appears in the range of 21 .1 to 21 .9 ppm. the peak of the methyl group of the second unit 
in the three propylene units chain represented by PPP(mr) appears in the range of 20.3 to 21.0 ppm and the 
peak of the methyl group of the second unit in the three propylene units chain represented by PPP(rr) appears 
in the range of 19.5 to 20.3 ppm. 

Here, the propylene homopolymer contains a small amount of partial structure comprising inversely In- 
serted units based on the 2.lHnsertk)n represented by the aforementioned structure (i), in additbn to the reg- 
ular structure consisting of head-to-tail bonds of propylene units. 

In the irregular structure represented by the aforementioned structure (0, the aforementtoned definition 
of PPP(mm) Is not applied to the carbon A, the carbon B and the carbon C. However, the carbon A and the 
carbon 8 resonate In the region of 16.5 to 17.5 ppm. and the carbon C resonates in the vicinity of 20.7 ppm 
(PPP{mr) region). In the partial structure containing inversely inserted units, not only the peak of the methyl 
group but also the peaks of the adjacent methylene and methine group nmjst be confirmed. Therefore, the car- 
bon A, the carbon B and the carbon C are not included in the region of PPP (mm). 

Thus, the triad tacticity (mm fraction) of the propylene homopolymer can be calculated from the aforemen- 
tioned ftonnuta. 

Proportion of Inversely inserted units based on 2,1 -Insertion of propylene monomer 

In the polymerization, the 1.2-lnsertk)n (methylene side is bonded to the catalyst) of the propylene mono- 
mer mainly takes place, butthe 2,MnserUon Insertton thereof sometimes takes place. Therefore, the propylene 
copolymer and the propylene elastomer contain the inversely inserted units based on the 2,1-insertton repre- 
sented by the aforementioned structures (i), (ii) and (iii). The proportion of the inversely Inserted units based 
on the 2.1-tnsertion was calculated from the following formula by using »*C-NMR. 

Proportion of inversely inserted units based on 2.1 - insertion (%) = 0-5 A ^> 0.25 B ^ 

C ^ D 4- 0.5E 

A: lap (structures (i) and (iii)] 
B: lap [structure (ii)] 
C: laa 

D: lap [structures (i) and (iii)] 
E: loy + lap (structure (ii)] + Ia6 

Naming of these peaks was made in accordance with the method by Carman, et al. (Rubber Chem. Tach- 
nd., 44^ 781 (1971)). lop and the like indicate the peak areas of ap-peak and the like. 

Homopolymer of propylene contains the inversely inverted units based on the 2.1 -insertion. The proportion 
of the 2.1-propylene monomer Insertions to the all propylene insertions was calculated from the following for- 
mula. 

Proportion of inversely inserted units based on 2.1 - insertion (%) = 
0.5x(area of methyl group resonated at 16.5 - 17.5ppm .^0 
ZlcH, 

wherein. £Ich, is the same as those mentbned before. 

Proportton of inversehr inserted units based on 1.3Hnsertlon of propylene monomer 

In the propylene copolymer and the propylene elastomer, the amount of three units chain based on the 
1.3-insertion of propylene is determined from py-peak (resonance in the vicinity of 27.4 ppm). 

In the propylene homopolymer. the amount of 3 unit chain based on the 1,3-insertion of propylene is de- 
termined from op-peak (resonance in the vicinity of 37.1 ppm) and Pr-pieak (resonance in the vicinity of 27.4 
ppm). 

EFFECT OF THE INVENTION 

The novel transition metal compound according to the invention can suitably be used as an olefin poly- 
merization catalyst component 

The olefin polymerization catalyst of the invention has high polymerization activity and polyolefins pre- 
pared by the use of the catalyst have a narrow molecular weight distribution, a narrow composition distribution 
and high molecular weight When an a-olef in of 3 or more cart>on atoms is used, obtainable is a polymer having 
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h'^hstereoregularity. being low in proportion of inveisefy inserted unite, and having excailent in heat resistance 
and rigidity. 

The propylene homopolymer according to the present Invention is excellent In rigidity, heat resistance, sur- 
face hardness, glossiness, transparency and impact strength. 

The first and second propylene copolymers of the present invention (wherein the amount of monomer units 
derived frxwn an a-oief In other than propylene is not more than 5 % by mol) are excellent in transparency, tig- 
Idity. surface hartness, heat resistance, heat-sealing property, anti-blodcing property, antl-Ueedout property 
and impact strength. The propylene copolymers of the present Invention (wherein the amountof monomer untta 
derived from an a-def In other than propylene is not less than 5 % by mol) are excellent In transparency, en- 
vfronmental aging property, and effective in Improving heat-sealing property at low temperature and Impact 
strength. 

The third propylene copolymer according to the Invention is excellent in rigidity, surface hardness, heat 
resistance, transparency. heat-seaJing property, anthblocking property and anti-bleedout property, and suit- 
able for films, sheets, containers, stretched yarns, nonwoven fabrics, etc. 

The propylene elastomer according the invention is excellent in heat resistance, impact absorbing prop, 
erties. transparency, heat-sealing properties and anti-blocking properties. Hence, it can be singly used for 
films, sheets, etc.. and moreover it can be suitably used as a modifier of a thermoplastic resin. 

EXAMPLE 

The present Invention is described in more detail with reference to the following examples, but it should 
be construed that the invention is in no way limited to those examples. 

In the present invention, an intrinsic viscosity W and the composition of a copolymer are determined by 
the following methods. 

Further, in some examples, a heat seal-starting temperature and a heat seal-starting temperature after 
heat treatment, a melting point (Tm). a melt flow rate (MFR). an izod impact strength (IZ) and a film impact 
strength are measured by the following method. 

Intrinsic viscosity (ti) 

The intrinsic viscosity was detennined in decahydronaphthalene at 135 'C. and expressed by dVg, 
Composition of copolymer 

The composition of a propylene copolymer Is measured by ^^C-NMR. 
Heat seal-starting temperature and heat seal-starting temperature after heat treatment 

With respect to the T-die film having a width of 30 cm and a thickness of 50 ^m prepared using a single 
screw extruder having a diameter of 30 mm under the conditions of a resin temperature of 21 0 *C (at a portion 
of dicer of extruder), a take-off speed of 3 m/min and a temperature of cooling roll of 25 "C, a heat seal of two 
films Is canled out using a heat sealer by sealing at various seal bar temperatures under the conditions of a 
heat seal pressure of 2 kg/crn^, a seal time of 1 second and a width of 5mm to prepare a sealed film having a 
width of 15 mm. The above-prepared sealed film was allowed to stand overnight 

The heat seal-staring temperature is defined as a temperature of the heat sealer when the peeling resis- 
tance of the sealed film becomes 300 g/25 mm. under such conditions that the sealed film is peeled off at 23 

a peeling speed of 200 mmymin and a peeling angle of 1B0 

Separately, another sealed film was subjected to heat treatment at 50 for 7 days. The heat seal-starting 
temperature after heat treatment was measured using the heat treated specimen. 

Melting point (Tm) 

The melting point was determined from an endothermtc curve given by heating about 5 mg of a sample 
charged In an aluminum pan to 200 'C at a rate of 10 •C/min, keeping it at 200 for 5 minutes, then cooling 
it to room temperature at a rate of 20 •C/min and heating it again at a rate of 10 •C/mIn, The measurement 
was conducted using a DSC-7 type apparatus produced by Perkin Bmer Ca 
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Melt flow rate (MFR) 

The MFR is measured in acc»rdance with ASTM D 1238 under a load of 2.16 kg at 230 *C. 
Izod Impact strength (iZ) 

TTie IZ is measured in accordance with ASTM 0 256 at 23 *C using a notched spedmen of 1 2.7 mm (widlh) 
X 6.4 mm (Ihfckness) X 64 mm (length). 

The specimen is prepared by injection molding at a resin temperature of 200 *C and a nwtding temperature 
of 40 "C using a polypropylene composition obtained by dry-blending 20 % by weight of a polymer according 
to the present Invention and 80 % by weight of a polypropylene (HIPOL^. grade J 700. melt flow rale: 11 g/10 
min (at 230 X). density: 0,91, manufactured by Mitsui Petrochemical Industries. Ltd.), and melt-kneading at 
200 *C using a twin-screw extruder. 

Film impact strength 

The film impact strength is measured using a film impact tester (manufactured by Toyo Seiki K.K., diameter 
of Impact head bulb: 1/2 inch (12.7 mm ^)). 

Example 1 

Synthesis of rac-dlmethylsilyl-bis{1-(2-ethyM-phenyllndenyl)) zirconium dichloride 
Synthesis of 3-(2-biphenvlyl)-2-ethylpropionfc add 

A 500-ml four-necked round flask equipped with a stirrer, a Oimroth condenser, a dropping funnel and a 
thermometer wae charged with 13.46 g (120 mmd) of potassium t-butoxide. 100 ml of toluene and 20 mJ of N- 
melhylpyrrolidone. To the mixture was dropwise added a solution containing 20.7 g (110 mmol) of diethyl ethyl- 
malonate dissolved In 50 ml of toluene under nitrogen etmosphere while wanming at 60*C. After the addition 
was completed, the reaction mixture was stirred for 1 hour at this temperature. Then, to the resulting mixture 
was dropwise added a solution containing 20.27 g (100 mmol) of 2-phenyibenzylbromide dissolved in 30 ml of 
toluene. After the addition was completed, the temperature was elevated and the resulting mixture was stirred 
under reflux for 2 hours. The reaction mixture was poured onto 200 ml of water and the resulting mfarture was 
adjusted with addition of 2N HCI to pH 1 . The organic phase was separated and the aqueous phase was further 
extracted with 1 00 ml of toluene three times. The combined organfc phase was washed with a saturated aqu- 
eous solution of sodium chloride until the resulting material was neutralized, followed by drying over anhydrous 
Na2S04 . The soh^ent was concentrated under reduced pressure to obtain 36.7 g of a yellow-orange liquid. 

A 1-liter four-necked round flask equipped with a stirrer, a Dimroth condenser, a dropping funnel and a 
thermometer was charged with 67.3 g (1 .02 mol) of potassium hydoxide and 1 60 ml of an aqueous sdut ion of 
methanol (methanol/wate^=4/1(v^)). To the mixture was dropwise added a solution containing the above- 
obtained concentrate dlssoh^ed in 50 ml of an aqueous solution of methanol (methanolAvaler=4/1(v/v)) at room 
temperature under a nitrogen atmosphere. After the addition was completed, the temperature was elevated 
and the resulting mixture was stirred under reflux for 4 hours. Thereafter, the temperature was cooled to room 
temperature and the resultant predpitated solid was filtered. The residue was dissolved In water and acidified 
with addition of sulfuric add to pH 1 . The resulting solution was extracted with 100 ml of methylene chloride 
five times. The combined organic phase was dried over anhydrous Na2S04. The solvent was concentrated un- 
der reduced pressure to obtain 24.2 g of a white sdid. 

Then, a 300-ml three-necked round flask equipped with a stirring bar. a Dimroth condenser, a thermometer 
was charged with 24.2 g of the above-obtained while solid, 56 ml of acetic acid. 37 ml of water and 13.1 ml of 
concentrated sulfuric add. and the mixture was stirred under reflux for 6 hours under a nitrogen atmosphere. 
After the reaction was completed, the acetic add was evaporated under reduced pressure. To the resulting 
material was added 50 ml of water, which was then extracted with 50 ml of methylene chloride three times. 
The combined organic phase was washed with 50 ml of a saturated aqueous solution of sodium chloride, fd- 
lowed by drying over anhydrous NssSOa. The advent was evaporated under reduced pressure. The residue 
was chmmatographed on silica gd (eluting with hexane/ethyl acetate (2/1), and hexane/ethyi acetate (1/1). 
parts by vdume) to obtain 13.7 g of the desired product as a white solid (yidd: 54%). 
FD-MS :254(M") 
mp, : 91 .2-94.0*0 
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NMR (CDOj. 90Hz) : 6= 0,71 (t. J-7.2HZ. 3H. CH,); 

1.16-1.58 (m. 2H): 

I 

2.32 (bquin. J=7.0Hz, 1H.-CH-); 
5 2.61-2.99 (m.2H): 

6.89-7.47 (m, 9H). 
IR (Kbr disk) : 1696ciTr^ (vej 

Synthesis of 3-(2-biphenylyl)-2-ethylpropionyl chloride 

10 

A lOO-rri Ihree-neclced round ffask equipped with a stirring bar, a Dimroth condenser, a themwrneter and 
a NaOH trap was charged with 13.3 g (52.4 mmoi) of 3-(2-bfphenyiyl>2-ethylpropionlc acid and 25.9 rrt (355 
mmol) of thtonyl chloride, and the resulting mixture was stirred under reflux for 2,5 hours under a nltfogen at- 
mosphere. After the reaction was completed, the unreacted thionyl chloride was distilled off under reduced 
19 pressure to obtain 15.2 g of a crude product as a yellow-orange iiqutd. The thus obtained add chloride was 
used in the next reaction without further purification. 
IR(Neat) :1786cnrMv«J 

Synthesis of 4-eftyl-2>phenyt-1>indanone 

20 

A 200-ml three-necked round flask equipped with a stirring bar. a Diffiroth condenser, a dropping funnel, 
a thermometer and a NaOH trap was charged with 8.04 g (60.3 mmol) of anhydrous aluminum chloride and 
50 ml of cartion disulfide. To the mixture was dropwise added a soiutton containing 15.2 g (5^4 mmol) of the 
above-obtained 3-(2-blphenyly1)-2-ethyl propionyl chloride under a nitrogen atmosphere at 0 'C. After the ad- 
25 ditton was completed, the temperature in the flask was elevated to room temperature and the reaction mbrture 
was stirred for 1 hour. The reactfon mixture was poured onto 200 ml of Ice-water and extracted wHh 100 ml of 
ether two times. The combined organic phase was washed with 100 ml of a saturated aqueous solution of NaH- 
COj and further 100 mi of a saturated aqueous solution of sodium chloride, followed by drying over anhydrous 
Na2S04. The solvent was evaporated under reduced pressure. The residue was chromatographed on silica 

30 gel(elut(ngwithhexane/ethy1acetate(10/1),partsbyvoluma)toobtain10.8gofthede8lr8dprt^^ 
solid (yield: 68%). 

mn (CDCIj. 90 MHz) : 5=0.98(t, J= 7.2Hz. 3K CHJ; 

1.60.2.20(m, 2H); 

35 I 

2.42-2.82(m, IHr^""); 

2.80{dd, >3.8Hz, 16.5H2, 1H); 

3.36(dd, J=7.6Hz. 16.5Hz. 1H); 

7.09-7.91 (m.8H). 
40 IR (Neat) : 1705 cm-<(vc:J 

Synthesis of 2-ethy<>1-hydroxy-4-phenylindene 

A 200-ml three-necked round flask equipped with a stining bar. a Dimroth condenser, a dropping funnel 
45 and a thermometer was charged with 0.85 g (22.6 mmol) of sodium borohydride and 28 ml of ethand. To the 
mixture was dropwise added a solution containing 10.6 g (45.1 mmol) of the above-obtained 2-ethyl-4-phenyl- 
1-indanone dissolved in 20 ml of ethand at room temperature under a nitrogen atmosphere. After the addition 
was completed, the temperature of was elevated to 50 'C. and the reaction mixture was stirred for 3.5 hours. 
After the reaction was completed, the unreacted sodium borohydride was decomposed by acetone. Then, the 
50 reaction mixture was concentrated under reduced pressure, and then dissolved In 50 ml of water and extracted 
with 50 ml of ether. After the organic phase was separated, the aqueous phase was extracted wtth 50 nni of 
ether two Umes. The combined organic phase was washed with 100 ml of a saturated aqueous solution of so- 
dium chloride, followed by drying over anhydrous Na2S04. The sdvent was evaporated underreduced pressure 
to obtain 1 0.67 g of the desired product as a pasty pale yellow liquid (mlxtuiB of two kinds of Isomers) (yield: 
55 99%). 

NMR (CDCI^ 90 MHz) : 6=1.02(t. J=7.1H2. 3H. CH,); 

1.31-3.28(m. 5H); 
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I 

4.86, 5.03( each d. each J=6.4Hz. 5.1Hz, total 1H. -CH-0-); 
7.10.7.e6(m. BH). 
IR(Ncat} :3340ciTrV«,) 

Synthesis of 2-ethyt^-phenytindene 

A 300-ml four-necked round flask equipped with a stirring bar, a dropping funnel and a thermometer was 
charged with 978 g (41 .3 mmol) of 2.ethyH.hydroxy-4-phenylindane, 17^2 ml (123.8 mmoi) of trielhylamine. 
0.25 g (2.1 mmol) of 4-dimethylamino pyridine and 98 ml of methylene chloride. To the mixture was dropwise 
added a solution containing 6.4 ml (82.5 mmol) of methanesulfonyl chloride dissolved in 6.5 ml of methylene 
chloride under a nitrogen atmosphere at 0 *C. After the addition was completed, the reaction mixture was stir- 
red for 3.5 hours at this temperature. The reaction mixture was poured onto 250 ml of ice^water. Then, the or- 
ganic phase was separated and the aqueous phase was further extracted with 50 ml of methylene chloride 
two times. The combined organic phase was washed with a saturated aqueous solution of NaHCOj, and then 
a saturated aqueous solution of sodium chloride. foUowed by drying over anhydrous Na^SO*. The solvent was 
evaporated under reduced pressure. The residue was chromatographed on silica gel (eluting with hexane) to 
obtain 6,56 g of the desired product as a pale yellow liquid (mixture of two kinds of isomers) (yield: 73%). 
NMR (CDCI3. 90 MHz) : 8=1 .20(t, J=7.6H2. 3H. CHj); 

2.49(q. J=7.6Hz. 2H); 
3.41(3. 2H); 

6.61. 6.72 (each bs. total 1H); 
7.09-8.01 (m. 8H). 

Synthesis of dimethylsllyl>bis(2-ethyl-4-phenylindene) 

A 200-ml three-necked round flask equipped with a stirring bar. a DImroth condenser, a dropping funnel 
and a thermometerwas charged with 5.0 g (22.8 mmol) of 2-ethyM-phenylindene. 80 mg (0.63 mmol) of copper 
thiocyanate and 50 ml of anhydrous ether. To the mixture was gradually dropwise added 1 5.7 ml (25.1 mmol) 
of a 1.6 M solution of n-butyl lithium in hexane under a nitrogen atmosphere at 0 •C. After the addition was 
completed, the temperature was elevated to room temperature, the reaction mixture was stirred for 1 hour. 
Then, to the reactton mixture was gradually dropwise added a solution containing 1.52 ml (12.6 nwnol) of dl- 
methyldichlorosiiane dissolved in 4.5 ml of anhydrous ether. After the addition was completed, the reaction 
mixture was stinred for 12 hours at room temperature. The reaction mixture was filtered through Celite. and 
the filtrate was poured onto 50 ml of a saturated aqueous solution of ammonium chloride. After the organic 
phase was separated, the aqueous phase was extracted with 50 ml of ether. The combined organic phase was 
washed with a saturated aqueous solution of sodium chloride, followed by drying over anhydrous Na2S04. The 
solvent was evaporated under reduced pressure. The residue was chromatographed on silica gel (eluting with 
hexane, and hexane/methylene chloride (20/1 ), parts by volume) to obtain 4.5 9 of the desired product (mixture 
of two kinds of isomers) as a pale yellow solid (yield: 80%). 
NIWR (CDCIs. 90MHz) : 6=-0.23. -0.1 7(each s. total 6H. Si-CHj); 

1.12. 1.19(each t, each J=7.4 Hz. 6H. CHj); 

2.44(bq,J=7 .4Hz, 4H); 
I 

3.81(s, 2H.-CH-Si); 
6.75(bs, 2H. 3-H-lnd); 
e.88-7.74(m. 16H). 

Synthesis of racKiimethvlsilyl>bis{(V(2'ethyt-4-pheny1lndenyl)}2irconium dichloride 

A 50-ml three-necked round flask equipped with a stirring bar. a condenser, a dropping funnel and a thenm- 
©meter was charged with 0.84 g (1 .69 mmol) of dimethylsilyl-bis(2-ethyl-4-pheny1Indene) and 17 ml of anhy- 
drous ether. To the mixture was gradually dropwise added 2.25 ml (3.56 mmol) of a 1.5B M aolutton of n-butyl 
lithium in hexane at room temperature. After the addition was completed, the reaction mixture was st^d for 
13.5 houre. To the resulting solution was gradually added 0.395 g (1.69 mmol) of ZrCU at -70 °C. After the ad- 
dition was completed, the mixture was allowed to warm to room temperature overnight Then, the solvent was 
evaporatBd at room tamperature under reduced pressure. To the resulting material was added 30 ml of me- 
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thylene chloride. Then, the insoTuble materia) was filtered off and the filtrate was concentrated and crystallized 
at room temperature. After the precipitates were filtered, the residue was washed with 3 ml of anhydrous ether 
two times, followed by drying under reduced pressure to obtain 0.17 g of the desired product as an orange- 
yeiiow solid (yield: 1 5 %). 

NMR (CDCI3, 90 MHz) ; 6=1 .09(1 J=7.3Hz, 6H, CH3); 

1.34 (s. 6H, ShCHj); 
ZA6 (quin. J=7.3H2, 2H) 
2,73 (quin. J=7.3H2. 2H) 
6,96 (s, 2H. 3-H-lnd); 
6.99>7.B8 (m, 16H). 

Example 2 

A2-llter gas through lype^lass reactor thoroughly purged with nitrogen was charged with 1.7 liters of tol- 
uene. The reactor was cooled to -30*C. and the reaction system was sufficiently saturated by passing through 
propylene at a flow rate of 100 lilers/hr and hydmgen at a flow rate of 10 liters/hr. Then, to the reactor were 
added 4.25 mmol of trilsobutylalumlnum. fl.5 mmol (In terms of A) atom) of methylalumlnoxane and 0.017 mmol 
(in terms of Zr atom) of rao-dimolhylsllyt.bis{V(2-ethyl-4-phenyilndenyl))a:irconlum dlchloride. While maintain- 
ing the temperature of the reaction system at -30 *»C, the polymerization was canied out fbr45 minutes. The 
polymerization was stopped by the addition of a small amount of methanol. The polymefizatlon suspension 
was added to 3 liters of methanol containing a small amount of hydrochloric acid, which was then sufficiently 
stirred and f Hlered. The resulting polymer was washed with a large amount of methanol and dried at 80-C tot 
10 hours. 

The amount of the thus obtained polymer was 51.3 g. The polymerization activity was 4.02 kg-PP/mmol- 
Zr hr, the intrinsic viscosity Cnl was 3.37 dl/g, and Mw/Mn %iras 2.22. In the polymer, the triad tactidty was 99.7 
%, the proportion of the inversely inserted units based on the 2.1 -insertion of the propylene monomer was 0.10 
%, and the proportion of the inversely inserted units based on the 1,3-insertion of the propylene monomer was 
less than the detectable lower limit (less than 0.03 %). 

The results are shown in Table 1 (I) and (II). 

Example 3 

The polymerization was canrted out in the same manner as in Example 2 except that propylene and ethy^ 
tene were passed through at a flow rate of 1 00 llters/hr and a flow rate of 2 llter^r, respectively, 0.65 mmol 
of triisobutylalumtnum and 0.0026 mmol (in terms of Zr atom) of the rac-dimethylsilyi-bis(1-(2.ethyM-phenyl- 
Indenyl)) zirconium dlchloride were used, and the system was maintained at 60 "C. to obtain a polymer 

The amount of the thus obtained polymer was 60.7 g. The polymerization activity was 31.1 kg-PP/mmd- 
2r-hr. the intrinsic viscosity In) was 3.01 dl/g. and Mw/Mn was 2.18. In the polymer, the triad lactictty was 99.5 
%, the proportion of the Inversely inserted units based on the 2,1-lnsertion of the propylene monomer was 0.1 5 
%. and the proportion of the inversely inserted units based on the 1,3-lnsertion of the propylene monomer was 
less than the detectable lower llm^ (less than 0.03 %). 

The results are shown in Table 1 (I) and (11). 

Comparative Example 1 

The polymerization was earned out in the same manner as in Example 3 except that the rac-dimethylsilyl- 
bis(1-(2-methyl-4-phenytindenyl)) zirconium dlchloride was used In place of the rao-dlmethylsllyl-bl8{1-(2-el- 
hyl-4-phenytlndenyl)) zirconium dlchloride. 

The amount of the thus obtained polymer was 4.7 g. The polymerizatton activity was 2.4 kg-PP/mmol-Zr hr, 
the intrinsic viscosity [r\] was 4.05 dl/g, and Mw/Mn was Z18. In the polymer, the triad tacttcHy was 98.6 %, 
the proportion of the invereely inserted units based on the 2.1-in8ertton of the propylene monomer was 0.33 
%. and the proportion of the inversely Inserted units based on the 1,3 inserthin of the propylene monomer waa 
less than the detectable tower limit (less than 0.03 %). 

The results are shown in Table 1 (I) and (II). 

Example 4 



A 500-ml gas through typ^ass reactor thoroughly purged with nitrogen was charged with 250 ml of to^ 
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uene. The reactor was coded to CC, and the reaction system was sufficiently saturated by passing through 
pfopylane at a flow rate of 160 (iters/hr and ethylene at a flow rate of 40 liters/hr. Then, to the reactor were 
added 0.25 mmol of triisobutylaluminum, 0.5 mmol (In terms of Ai atom) of methytaluminoxane and 0.001 mmol 
(In terms of Zr atom) of rao^lmethyislly!-bis{1 -(2-ethyl-4-phenytindenyl)}2iroonium dichloride. While maintain- 
ing the temperature of the reaction system at 0*C, the polymerization was canied out for 10 minutes. The poly- 
merization was stopped by the addition of a small amount of methanol. The polymerization suspension was 
poured onto 2 liters of methanol containing a smalt amount of hydrochloric acid, which was then sufficiently 
stirred and filtered. The resulting polymer was washed with a large amount of methanol and dried at 80»C for 
10 hours. 

Ihe amount of the thus obtained polymer was 5.62 g. The polymerization activity was 33.7 kg-potymer- 
/nunol-Zr hr. The ethylene content was 3.9 % by md. the intrinsic viscosity hi was 1 .80 dl/g. Mw/Mn was Z15, 
and Tm was 1 26 "C. In the polymer, the triad tactidty was 99.3 %. the proportion of the inversely inserted units 
based on the 2.lHnsertion of the propylene monomer was 0.12 %. and the proportion of the inversely inserted 
units based on the 1,3-insertion propylene monomer was less than the detectable lower limit (less than 0.03 
%). 

The results are shown in Table 1 (I) and (II). 

The film of the polymer had a heat seal-starting temperature of 1 29 *C and a heat seal-starting temperature 
after heat treatment of 132 ""C. 
The results are shown tn Table 2. 

Example 5 

The polymerization was carried out in the same manner as in Example 4 except that the reaction system 
was sufficiently saturated by passing through propylene at a flow rate of 140 lilera/hr and ethylene at a flow 
rate of 60 liters/hr. respectively. The thus obtained polymer solution was poured onto 2 liters of methanol con- 
taining a small amount of hydrochloric acid to precipitate a polymer. The methanol was sufficiently removed, 
and the resulting polymer was dried at 130 •C for 10 hours. 

The amount of the thus obtained polymer was 6.63 g and the polymerization activity was 39.8 kg-pdy- 
mer/imnwI-Zr hr. The ethylene content was 8.7 % by mol, the Intrinsic viscosity In) was 1.66 dl/g, Mw/Mn was 
2.46. and Tm was 105 *C. In the polymer, the triad tactidty was 99.2 %, the proportion of the inversely inserted 
units based on the 2.1 -insertion of the propylene monomer was 0.12 %, and the proportion of the inversely 
inserted units based on the 1,3-insertion of the propylene monomer was less than the detectable lower limit 
(less than 0.03 %). 

The results are shown in Table 1 (1) and (It). 

The film of the polymer had a heat seal-starting temperature of 1 06 ""C and a heat seal-starting temperature 
after heat treatment of 109 'C, 
The results are shown in Table 2. 

Example 6 

The polymerization reaction was carried out in the same manner as in Example 4 except that the reaction 
system was sufficiently saturated by passing through propylene at a flow rate of 100 liters/hr and ethylene at 
aflowrateof lOOIiters/hr, respectively. The thus obtained polymer solution was poured onto 2 liters of methanol 
containing a small amount of hydrochloric acid to precipitate a polymer. The methanol was sufficiently removed 
and the resulting polymer was dried at 130*C for 10 hours. 

The amount of the thus obtained polymer was 8.95 g and the polymerization activity was 53.7 kg-poly- 
mer/mmoJ-Zr hr. The ethylene content was 28.9 % by mol, the intrinsic viscosity M was 1 .34 dl/g, and Mw/Mn 
was 1.95. In the polymer, the triad tactidty was 98.5 %, the proportion of the inversely inserted units based 
on the 2.1 -insertion of the propylene monomer was 0.09 %. and the proportion of the inversely inserted units 
based on the 1 ,3-in8ertion of the propylene monomer was less than the detectable lower limit (less than 0.03 

The results are shown in Table 1 (I) and (II). 

The copolymer had an izod impact strength of 28 kg-cm/cm and a film Impact strength of 5300 kgcm/cm. 
The results are shown in Table 2. 

Example 7 



Synthesis of racK»methylsilyl-bls(1-(2-ethyl-4-(1-naphthyOlnd6nyl)}zirconium dichloride 
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Synthesis of 3- (2-faromophenylyl)>2-ethylpfopiontc actd 

A 2-liler four-necked round flask equipped with a stirrer, a Dimroth condenser, a dropping funnel and a 
thermometer was charged wfth 4A2 g (394 mmol) of potassium t-butoxide, 3d2 ml of toluene and 30 ml Of N- 
methylpyrrolidone. To the mixture was dropwise added a so!utk)n containing 61.2g (325 mmd) of diethyl ethyl- 
malonale dissoived In 61 ml of toluene under a nitrogen atmosphere at 60*C. After the addition was completed, 
the reactton mixture was stirred for 1 hour at this temperature. Then, to the resulting mixture was dropwfsa 
added a solution containing 75.4 g {302 mmol) of 2-bromobenzylbromkJe dissolved in 75 ml of toluene. After 
the additton was completed, the temperature was elevated and the resulting mbcture was stirred under reflux 
for 5 hours. The reaction mixture was poured onto 300 ml of water and adjusted with 1 0 % sulfuric add to pH 
1. The organic phase was separated and the aqueous phase was extracted with 1 00 rrt of ether three times. 
The combined organic phase was washed with 200 ml of a saturated aqueous solutton of sodium bicarbonate 
and then 1 50 ml of a saturated aqueous solution of sodium chloride three limes, followed by drying over an- 
hydrous NajSO^. The solvent was concentrated under reduced pressure to obtain 111.1 g of a concentrate aa 
a yellow liquid. 

A 2-iiter four-necked round flask equipped with a stirrer, a Dimroth condenser, a dropping funnel and a 
thermometer was charged with 195 g (2.96 mol) of potassium hydoxide and 5S5 ml of an aqueous solution of 
methanol (methanol^vater=4/l(v^)). To the mixture was dropwise added the abovMbtalned concentrate at 
room temperature under a nitrogen atmosphere. After the addition was completed, the temperature was ete- 
vated and the resultant mbcture was stirred under reflux for 3 houra. Thereafter, the temperature was cooled 
to room temperature and the precipitated white sm was filtered. The filtrate was concentrated and oooted to 
obtain a second crop. The same procedure was repeated as described above to obtain a third crop. The conv 
bined crops were slurried in hexane and filtered. The solkJ thus obtained was dried to obtain 1 01 .5 g of a wh ite 
powder. The white powder was dissolved in 400 mi of water and the resulting solution was acidified with addition 
of 50 % H2SO4 aq. to pH 1 . The resulting mUture was extracted with 200 mi of methylene chloride five times. 
The combined organic phase was dried over anhydrous NsfiO^, The solvent was concentrated under reduced 
pressure to obtain 74.2 g of a hard white solid. 

Then, a SOO-mJ three-necked round flask equipped with a stirring bar. a Dimroth condenser, a thermometer 
was charged with the above-obtained white solid. Then, the solid was heated to 200 and stirred for 5 houra 
under a nitrogen atmosphere. After the reaction was completed, the reaction product was cooled to room teirv 
perature to obtain 61 .2 g of the desired product as a pale yellow-white sdkj (yield; 79%). 
^^MS :256(M0.258(M*>2) 
NMR (CDCIa, 90 MHz) : 5 = 1.0(t, J=7,0H2, 3H. CHj); 

1.40-1.85(m.2H); 

2.53-3.12(m.3H); 

6.88,7.66(m.3H). 

Synthesis of 3-{2-bromQph6nyl)>2-ethylpropionyl chloride 

A30O.ml three-necked round nask equipped with a stimng bar, a Dimroth condenser, a thermometer and 
a NaOH trap was charged with 60.86 9 (237 mmol) of 3^2-bromphenylyl).2-ethylpropk)nic acid. 40 ml of ben- 
zene and 120 ml of thionyl chloride, and the mixture was stirred under reflux for 1.5 houre under a nrtrogen 
atmosphere. After the reaction was completed, the unreacted thionyl chloride was distilled off under reduced 
pressure to obtain the crude product as a yellow liquid. The thus obtained add chloride was used In the next 
reaction without further purification. 

Synthesis of 4-bremo-2-ethyl>1-indanone 

A l-iiter three-necked round flask equipped with a stirring bar. a Dimroth condenser, a dropping funnel, a 
thermometer and a NaOH trap was charged with 36.3 g (272 mmol) of anhydrous aluminum chloride and 280 
ml of carbon disulfide. To the mbdure was dropwise added a solution containing the above obtained 3.(2-bro. 
mophenyl>-2-ethylpropionyl chloride dissolved in 50 ml of cart)on disulfide under a nitrogen atrnosphere at 0 
•C. Aftertha additton was conrtpleted. the temperature in the flask was elevated to room temperature and the 
reaction mbcture was stirred for 1 hour. The reaction mixture was poured onto 1 liter of k:&-water and extracted 
with 300 ml of ether two times. The combined organic phase was washed with a saturated aqueous solution 
of NaHCOs, and then a saturated aqueous solution of sodium chloride, followed by drying over anhydrous 
Na2S04. The solvent was evaporated under reduced pressure to obtain 56.9 g of the desired product es a slight- 
ly pasty red-brown liquid. The thus obtained ketone was used in the next reactton without further purification. 
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Synthesis of 4«bn)mo>2'ethyl-1.trimethylsnyloxyindan9 

A 500-m) three-necked round flask equipped with a stirring bar. a Dimroth condenser, a dropping funnel 
and a thermometer was charged with 4.97 g (118 mnfiol) of sodium borohydride and 200 ml of elhanol. To the 

5 mixture was dropwise added a solution containing 56.93 g of the above-obtained 4-bromo-2-ethyl-1-jndanone 
dissolved In 85 ml of ethanol at room temperature under a nitrogen atmosphere. After the addition was com- 
pleted, the reaction mucture was stirred for additonal 4 hours. After the reaction was completed, the reaction 
mixture was cooled and the unreacted sodium borohydride was decomposed by acetone. Then, the reaction 
mixture was concentrated under reduced pressure, and dissolved in 300 ml of water and extracted 300 ml of 

10 ether. After the organic phase was separated, the aqueous phase was extracted with 100 ml of ether three 
times. The combined organic phase was washed three times with ISO ml of a saturated aqueous solution of 
sodium chloride, followed by drying over anhydrous NajSO*. The soh^ent was evaporated under reduced pres- 
sure to obtain 58.92 g of a flesh colored solid. 

A 500-ml four-necked round flask equipped with a sUmng bar. a Dimroth condenser, a dropping funnel 

15 and a thermometer was charged with 58.91 g (244 mmol) of the above^obtained solid. 43.3 ml (307 mmol) of 
triethylamine and 280 ml of methylene chloride. To the mixture was gradually dropwise added a solution con- 
taining 37.2 ml (293 mmol) of MejSia dissolved In 15 ml of methylene chloride under a nitrogen atmosphere 
at 0 "C. After the addition was completed, the temperature was elevated to room temperature, and the reaction 
mxitrurc was stirred for additional 3.5 hours. The reaction mixture was poured onto 100 ml of water. Then, the 

20 organic phase was separated and the aqueous phase was extracted with 100 ml of methylene chloride two 
times. The combined organic phase was washed with 100 ml of water three times, followed by drying over 
anhydrous Na2S04. The solvent was evaporated under reduced pressure. The residue was distilled under re- 
duced pressure to obtain 89.9 g of the desired product (mixture of two isomere) as a colorless liquid (total yield: 
95% frond 3-(2-bromophenylyl)-2-ethylpropionic acid). 

25 mp. : 133-135 •MmmHg 

FD-MS :312(M*).314(M*^-2) 
NMR (CDCI3, 90 MHz) : 6^.1 7. 0.24(each s. total 9H. SkCHj): 
0.79-1. 12(m, 3H): 
1.16-3.31(m, 5H); 

30 4.82. 5.1 0(each bd. each J=6.4 Hz. total 1H. -CH-0-); 

6.91-7.46 (m. 3H). 

Synthesis of 2-ethyf-4-(1-naththyOpheny1indenB 

35 A 30O-ml three-necked round flask equipped with a stirring bar, a Dimroth condenser, a dropping funnel 
and a thermometer was charged with 11.4 g (36.4 mmol) of 4.bromo-2-ethyl-1-trimetylsilyloxyindane. 0.13 g 
(0.18 mmd) of PdO, (<»PP0 and 35 ml of anhydrous ether. To the resulting mixture was dropwise added 101 
ml (72.8 mmol) of a 0.72 M solution of 1-naphthylmagnesiumbromide in ethenfbenzene at room temperature 
under a nitrogen atmosphere. After the addition was completed, the reaction mixture was stirred for 1 hour. 

40 Then, the temperature in the flask was elevated to 50 to 51 «C. and the reaction mixture was stirred for addi- 
tional 5 hours. After the reactk>n was completed, to the reaction mixture was added 1 35 ml of 5 N hydrochloric 
acid at 0 to decompose the excess amount of Grignard reagent, and the resulting mixture was extracted 
with 100 ml of ether two times. The combined organic phase was washed with a saturated aqueous solution 
of sodium bicarbonate, and then a saturated aqueous solution of sodium chloride, followed by drying over an- 

45 hydrous NaaSO^. The solvent was evaporated under reduced pressure to obtain 20.5 g of a product as a red- 
brown liquid. 

Then, the above-obtained red-brown liquid was diluted with 20 ml of tetrahydrofuran. To the mixture was 
added 5 ml of 12 % hydrochloric acid and the reaction mbcture was stinred at room temperature overnight After 
the reaction was completed, to the reaction mixture was added 100 ml of ether and the oiganic phase was 
50 separated. The organic phase was washed with a saturated aqueous solution of sodium bicaibonate. and then 
a saturated aqueous solution of sodium chloride, followed by drying over anhydrous Na2S04. The solvent was 
evaporated under reduced pressure. The resMue was chromatographed on silica gel (Silica gel 60 from 
MERCK Co.. 70-230 mesh, eluting with hexane. and then hexane/ethyl acetate (1/3. parts by volume)) to obtain 
9.0 g of the desired product (mixture of two isomers) as a yellow solid (yiekl: 98 %). 
55 FD-MS :270(M*) 

NMR (COaj. 90 MHz) : 6=1 .20(t, J=7.4Hz. 3H. CH,); 

^^8(bq. J='7.4Hz. 2H); 
3.02. 3.42(each s. total 2H); 
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6.54(bs. 1H); 
6.19^.12(m. 10H) 

Synthesis of dlmethylsily<-bis(1-(2«ethyl-4.^1-naphtt)yi)indene)) 

A 200-ml Ihree^ecked round flask equipped with a stimng bar. a Dimroth condenser, a dropping funnel 
and a thermometer was charged with 4.97 g (18.4 mmol) of 2-ethyM-(1.naphthyt)lndenB, 50 mg (0,51 mmol) 
of copper cyanide and 53 ml of anhydrous ether. To the mbcture was gradually dropwise added 12.8 ml (20.2 
mmol) of a 1 .58 M solution of n-butyl lithium In haxane under a nitrogen atmosphere at-10 'C. After the addition 
10 was completed, the temperature was elevated to room temperature and the reaction mbdure was stirred for 4 
hours. Then, to the reaction mixture was gradually dropwise added a solution containing 1.24 ml (10.1 mmol) 
of dimethyldichlorosilan dissoh^ed In 5 ml of anhydrous ether. After the addftion was completed, the reaction 
mixture was stirred for 15 hours at room temperature. The reaction mixture was poured onto 50 ml of a satu- 
rated aqueous soluUbn of ammonium chloride and filtered through Celite. The organic phase was separated 
15 and the aqueous phase was extracted with 50 nrrl of ether. The combined organic phase was washed with a 
saturated aqueous solution of sodium chloride, followed by drying over anhydrous Na2S04. The solvent was 
evaporated under reduced pressure. The residue was chromatogrephed on silica gel (eluting with hexane) to 
obtain 3.2 g of the desired product (mixture of two isomers) as a yellow solid (yield; 58 %) 
FD-MS : 596 (M*) 

20 NMR (CDCI3. 90 MHz) : 5=^0.20. ^.20(each s. total 6H. SI-CHj); 

0.82-1.41(m. BHCHj); 
2.23.2.74(m. 4H); 
3.84-4.10(m, 2H, -CH-SI); 
8.20. 8.30(each bd, 2H); 
25 8.98-8,14 (m,20H) 

Synthesis of rac-dimethylsilyl-bis(1-(2-ethyl-4-(1-naphthyl)indenyl))2in:onium dichloride 

A 1 00-ml three-necked round flask equipped with a stimng bar. a condenser having beads, a dropping f un- 
30 nel and a thenmometer was charged with 2.0 g (3.36 mmol) of dlmethyisilyi.bls(2-ethyl-4^1.naphthyl)lndene 
and 40 ml of anhydrous ether under an argon atmosphere. To the mixture was gradually dropwise added 4.58 
ml (7.06 mmol) of a 1.54 M solution of n-butyi lithium in hexane at room temperature. After the edditton was 
completed, the reaction mixture was stin-ed for 17.5 houre. The resulting reaction solution was cooled to -75 
»C. Then, to the solution was gradually added 0.83 g (3.56 mmol) of ZrO*. After the addltton was completed. 
35 the mixture was allowed to warm to room temperature overnight 

The thus obtained red-yellow reactton slurry was f iltsred. and washed with 45 ml of anhydrous ether. To 
the residue were added 60 ml of methylene chloride and 40 ml of anhydrous ether, and then the Insoluble man 
terial was filtered off. The filtrate was concentrated to dryness at room temperature. The residue was dissolved 
in 15 ml of methylene chloride and concentrated to about 1/3 of total volume of the mbcture. Then. 2 ml of an- 
hydrous ether to give the precipitate. The precipitate was filtered and washed with 2 ml of anhydrous ether, 
followed by drying under a reduced pressure to obtain 0.1 2 g of the desired product es a yeUowKirange powder 
(yield: 5%). 

NMR (COCI5. 90 MHz) : 5=1 .04(t. J=7.4H2. 6H. CHJ; 

1.38(s.6KSi-CHa): 
2.12-3.02 (m.4H); 
6.53 (s, 2H, 3.H-lnd); 
6.8&-8.02(m.20H). 

Example 8 

The polymerization was carried out in the same manner as in Example 3 except that the rao-dimethylsilyl- 
bis(1-(2-ethyM.(1-naphthyl)indenyl))2lrconium dtehloride was used In place of the rao-dimothyl8ayl-bl»(1-(2- 
ethy1-4-phenylindenyl)}zlrconium dichloride as a transition metal compound catalyst component 

The amount of thethusobtained pdymerwas 20.2 g and the polymerization activity was 10.4 kg-PP/mmol- 
Zr-hr. The Intrinsk: viscosity [ij was 3.08 dl/g, and Mw/Mn was Z09. In the polymer, the triad tactldly was 99.7 
%. the proportion of the Inversely inserted units based on the 2.1-lnsertion of the propylene monomer was 0.12 
%. and the proportion of the Inveraely Inserted units based on the 1 ,3-lnsertion of the propylene monomer was 
less than the detectable lower limit (less than 0.03 %}. 
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The results are shown in Table 1 (i) and (II). 
Example 9 

5 The polymerization reaction was carried out in the same manner as in Example 5 except that the rac-di- 
methy!sily^bis-1-(2-elhyl-4-(1-naphthyi)indenyl))2lfttonium dichioride was used In place of the rac-dimethyisi- 
tyl-bis{1-(2*ethyl-4-phenyl{ndenyl)}zirconium dichioride as a transition metal compound catalyst component. 

The amount of the thus obtained polymer was 2.08 g and the polymerization activity was 12.5 kg-poly- 
mer/mmol*Zr-hr. 

10 The ethylene content was 7.9 % by mol. the Intrinsic viscosity was 1 .39 dl/g. Mw/Mn was 2.33. and Tm 
was 109 ^C. In the polymer, the triad tactldty was 99.2 %. the proportion of the inversely inserted units based 
on the 2,1 -insertion of the propylene monomer was 0.10 %, and the proportion of the inversely inserted units 
based on the 1.3-inseftion of the propylene monomer was less than the detectable lower timtt ness than 0.03 
%). 

15 The results are shown in Table 1 (I) and (II). 

The film of the polymer had a heat seal-starting temperature of 1 06 'C and a heat seal-starting temperature 
after heat treatment of 110 'C. 
The results are shown in Table 2. 

20 Example 10 

Synthesis of raoHlimethyisilyl-bis{1-(2-n-propyl-4-(1-naphthyl)indenyl)zirconium dichioride 
Synthesis of 3-(2-bromophenyl)-2-n-propylpropionic acid 

25 

A 1 -liter four-necked round flask equipped with a stirrer, a Dimroth condenser, a dropping funnel and a 
thermometer was charged with 37 g (330 mmol) of potassium t-butoxide. 32 ml (334 mmol) of N-methyipyrro- 
lidone and 400 nU of toluene. To the mixture was added dropwise a solution containing 60.7 g (300 mmol) of 
n-diethyl propylmalonic acfd dissolved in 50 ml of toluene at the reaction temperature of 5 to 1 0 «C for 30 min- 

30 utes with stirring in an ice bath , After the addition was completed, the mixture was stirred at 45 '^C for 30 min- 
utes and at 65 *C for additional 1 hour. The resulting solution turned a cream colored heterogeneous material 
immediately after heating. 

To the resultant material was added dropwise a solutton containing 76 g (300 mmol) of 2*bromobenzylbro- 
mide dissolved in SO ml of toluene at the reaction temperature of 5 to 1 5 *C for 30 minutes In an Ice bath. After 

35 the addition was completed, the mixture was stirred at 65 ^'C for 30 minutes. The temperature was elevated 
and the reactk>n mbcture was heated under reflux for 1 hour. The color of the reaction product was gradually 
changed to gray. After altowing to cool, the reaction product was poured onto 500 ml of water and the mixture 
was controlled to pH 1 with addition of an aqueous solution of 10 % sulfuric acid. The organic phase was sepa- 
rated and the aqueous phase was extracted with 100 ml of toluene five times. The combined organic phase 

40 was washed with 200 ml of NaO aq. four times, followed by drying over MgS04. The solvent was evaporated 
to give 114 g of a brown liquid. 

A 1-liler four-necked round flask equipped with a stirrer, a Dimroth condenser, a dropping funnel and a 
themf)omeler was charged with the above-obtained liquid and 200 ml of nnethanol, and stirred. To the mixture 
was added a solution containing 237 g (content: 85 %, 3.59 mol) of potassium hydroxide dissolved in 520 ml 

45 of methanol and 1 80 ml of water. Then, this flask was heated at 90 and the mixture was ref luxed for 5 hours. 
Thereafter, almost of the methanol was evaporated using an evaporator and 500 ml of water was added thereto 
to give a homogeneous solution. While cooling with ice. the homogeneous solution was controlled to pH 1 with 
addition of an aqueous solution of 1 0 % sulfuric acid. The resultant white precipitate was separated by filtration. 
Then, the organic phase was separated from the filtrate, and the aqueous phase was extracted with 200 ml 

50 of ether six times. The combined organic phase was dried over anhydrous MgS04. The solvent was evaporated 
to give 94 g of a yellow-whita semisolid. 

Then, the semisolkl was charged into 1-liter round flask, and heated for 10 minutes at 1 80 ""C . After heat- 
ing, the HBSultlng product was cooled to give 78.0 g of the desired product as a brown transparent liquid (yield: 
96%). 

55 FD-MS :270(Ma272(M*+2) 

NMR (CDCIa, 90 MHz) : 6=0.95 (t. J=7.0Hz. 3H, CHj); 

1.10-Z00(m, 4H); 
2.60-3.25 (m, 3H); 

3B 
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6.90-7.80 (m. 4H) 

Synthesis of 3-(broinophenyi)-2-n-pfopyipropionyl chloride 

A 500-ml thre^necked round flask equipped with a stirring bar. a Dimroth condenser, a thermometer and 
a NaOH trap was charged with 277 mmol of 3-<2-bromophenyl)-2-propylpropjonlc acid and 200 ml of thionyl 
chloride, and the mixture was heated under reflux for 2 hours. Then, the excess thionyl chloride was removed 
by a single distillation, and the distillation of the residue under reduced pressure gave 77.4 g of a crude product 
having a boiling point of 1 30 to 1 35 «C/I mmHg as a pale brown transparent liquid. This add cMoride was used 
in the next reaction without further purification 

Synthesis of 4-bfpmo-2*rHpropyi-1-indanone 

A 1 -liter four-necked round flask equipped with a stirring bar, a Oimroth condenser, a dropping funnel, a 
Ihemwmeter and a NaOH trap was charged with 74.5 g (559 mmd) of anhydrous aluminum chloride and 400 
ml of carbon disulfide. To the mixture was added gradually dropwise a solution containing the above-obtained 
acid chloride dissolved In 100 ml of carbon disulfide while cooling with ice bath. After the addition was com- 
pleted. the mixture was stirred at 0 'C for 3 hours. Then, the reaction solution was poured onto 600 ml of ice 
water. The organic phase was separated and the aqueous phase was extracted with 200 ml of ether four times. 
The combined organic phase was washed four times with 300 ml of a saturated aqueous solution of sodium 
bicarbonate, followed by drying over anhydrous MgSO*. The sohrent was evaporated to give 66.7 g of a brawn 
liquid. This ketone was used in the next reaction without further purifteation. 

Synthesis of 4-bronio-2-n-propyl-1-trimethytsilyloxylndane 

A 1-liter four-necked round flask equipped with a stirring bar, a Oimroth condenser, a dropping funnel and 
a thermomatar was charged with 4.96 g (131 mmol) of sodium born hydride and 300 ml of ethand. To the ma- 
ture was added dropwise a solution containing the above-obtained 4-bromo-2-n-prDpyl-1-indanone dissolved 
In 200 ml of ethanol white cooling with ice bath. After the addition was completed, the mixture was stirred for 
3 hours at room temperature. After the reactton was completed, to the reaction mbtture was added 200 ml of 
ice water and the almost of the methanol was evaporated using an evaporator. The resklue was transferred 
to a separating funnel using 300 ml of ether. After the organic phase was separated, the aqueous phase was 
extracted with 200 ml of ether three times. The combined organic phase was dried over anhydrous MgS04. 
Then, the solvent was evaporated to give 66.50 g of a yellow-white powder. 

Then, the above-obtained yellow-white powder. 200 ml of other and 47 ml (337 mmol) of triethylamlne were 
charged into a 1 -liter four-necked round flask. To the mixture was added a solutton containing 39 ml (307 mmol) 
of trimethylsilyl chloride dissolved in 50 ml of ether while cooling with ice bath. After the reaction mixture was 
stirred for 7 houra, the reaction mixture was poured onto 400 ml of a saturated aqueous solution of sodium 
bk^rbonate. and the organk: phase was separated. Then, the aqueous phase was extracted with 200 ml of 
ether three times. The combined organic phase was washed with 400 ml of a saturated Naa aq.. followed by 
dried over anhydrous MgS04. Then, the sohrent was evaporated to give a yellow-brown liquid. The liquid was 
distilled under reduced pressure to give 76.00 g of the desired product as a pale yellow-whtte transparent liquid 
having a boiling point of 120 to 125 *>C/2mmHg. The total yield of this liquid was 61 % from the 3^2-biomo- 
phenyl)-2-n-propylpropionic acid. 

Synthesis of 2-n-propyl-4>(1 -naphthyQindene 

A 300-ml four-necked round flask equipped with a stirring bar, a dropping funnel and a thermometer was 
charged with 10 g (30.5 mmol) of 4-bromo-2-n-propyl-1-trimelhyisllyk>xyindane, 50 ml of dry ether and 112 
mg (0.153 mmol) of PdClj (dppf). To the nuxture was added gradually dropwise 85 (61 mmol) of an 
ether/benzene solution containing 0.72 M 1-naphlhyl magnesium bromide at room tempeiHture. Then, the tam- 
perature in the flask was elevated to 46 "C and the mixture was stirred under reflux for 4 hours. Thereafter, 
the reactton product was poured onto 300 ml of a saturated aqueous solutton of ammonium chloride, which 
was then extracted with 200 ml of ether four times. The organic phase was washed with a saturated Naa aq., 
followed by dried over anhydrous MgS04. The soh/ent was evaporated to give 17.83 g of a yeOow^brown senv 
isolid. 

The above-obtained yellow-brown semisolid and 50 ml of ether were charged Into a 300^nl three-necked 
round flask. To the mbcture was added dropwise 60 ml of an aqueous sohitkin of 5 N hydrochloric add at room 



EP0 629 632 A2 



temperature, and vigorously stirred. After 2 hours, the mixture was transferred to a separating funnel and ex- 
tracted with 50 m\ of ether three times. The combined organic phase was washed with 100 ml of a saturated 
aqueous solution of sodium bicarbonate two times, followed by dried over anhydrous MgSO*. The solvent was 
evaporated to give a brown semisolid. The semisolid thus obtained was purified with sDica gel chromatography 
5 (eluting with hexane/ethyt acetate=50yi to 50/5) to give 8.40 g of a yellow-white powder. 

Then, the above-obtained yellow-white powder. 60 ml of anhydrous methylene chloride. 11 .3 nU (81 mmol) 
of irielhylamine and 1 65 ml (1 .35 mnfwl) of 4-dimethylaminopyridine were charged into a 200-ml four-necked 
round flask. To the mixture was added gradually drepwise a solution containing 4.2 ml (54.3 mmol) of metha- 
nesulfonyl chloride dissohred In 20 ml of anhydrous methylene chloride while cooling with ice bath. After the 
10 addition was completed, the temperature was elevated to room temperature, and the mixture was stirred over- 
night. Then, the reaction product was poured onto 100 ml of ice water, which was then extracted with 100 ml 
of methylene chloride three times. The combined organic phase was washed with 100 mi of a saturated aqu- 
eous solution of sodium bicarbonate three times, followed by dried over anhydrous MgSO*. The solvent was 
evaporated to give a brown liquid. The thus obtained brown liquid was chromatographed on silica gel (200 g 
15 of silica gel, hexane/ethyl acetate=50/1) to give 6.51 g of the desired product as a while solid (yield: 75 %). 
NMR (COCI„ 90 MHz) : 5=0,91 (t, J=7.0H2, 3H. CHj); . 
1.53 (m,2H): 
2.40 (t. Js7.0H2.2H); 
3.04. 3.41 (each s. total 2H): 
20 6.60 (s. IN) 

7.00-8.00 (ro.lOH) 

Synthesis of dimethylsilyl-bis{1-(2-n-propyl-4-{1-naphthyl)indene 

25 A 200-ml four-necked round flask equipped with a stimng bar, a Dimroth condenser, a dropping funnel 
and a thermometer was charged with 6.27 g (22,0 mmol) of 2-n-propyM-(1-naphthyl)indene, 120 ml of dry 
ether and 60 mg of copper cyanide. To the mixt ure was added dropwise 1 5 ml (24.5 mmol) of a hexane solution 
containing 1,63 M n- butyl lithium while cooling with ice bath. After the addition was completed, the mixture 
was stirred under reflux for 30 minutes. Then, to the resulting mixture was added dropwise a solution containing 

30 1.5 ml (12.4 mmol) of dimethyidichlorosilane dissolved in 5 ml of dry ether while cooling with ica bath. After 
the addition was completed, the mixture was stin-ed overnight at room temperature. Then, the reactton mature 
was poured onto a saturated aqueous solution of ammonium chloride. After filtration, the organic phase of the 
filtrate was separated, and the aqueous phase was extracted with 50 ml of ether two times. The combined 
organic phase was washed with 100 ml of a saturated NaCI aq. two times, followed by dried over anhydrous 

35 MgSO*. The soh/ent was evaporated to give a yellow oil. The yellow oil thus obtaiend was then purified with 
silica gel chromatography (200 g of silica gel, hexane/ethyl acetate=50/1) to give 5.60 g of of the desired product 
as a yellow-white powder (yield: 84 %). 

NMR (CDQa. 90 MHz) : 6-0.20. -0.17 (each s. total 6H. Si-CHJ; 
0.64-2.70 (m. 14H); 
^ 3.80-4.1 0 (m, 2H. -CH-Si); 

6.25. 6.34 (each 6d, total 2H); 
7.20-8.20 (m. 20H) 

^ Synthesis of rac-dimethy1silyl-bis{1-(2-n-propyl-4-{1-naphthyt)indenyl))zlrconium dichloride 

A 100-ml four-necked round flask equipped with a stirring bar, a condenser, a dropping funnel and a thenn- 
ometerwas charged with 2.5 g (4.00 mmol) of dlmethylsllyl-bls{1-(2-n-propyl-4-(1-naphthyl)indene) and 50 ml 
of dry ether. To the mature was added dropwise 5.15 ml (8.40 mmd) of a hexane solution containing 1.63 M 
n-butyl lithium in a water bath. After the addition was completed, the mixture was stirred overnigM at room 

so temperature. Thereafter, to the resulting mixture was added 1.00 g (4.29 mmol) of ZrCl4 at -78 'C. After the 
addition was completed, the mixture was allowed to stand overnight. The resultant orange color reaction slurry 
was filtered and the filtered material was washed with 40 ml of dry ether and 40 ml of dry methylene chloride. 
The mixture was filtered and the filtrate was concentrated to about 1/3 of a total volume of the filtrate. The 
precipitate was dissolved in 10 nr^l of methylene chloride, which was then crystallized from 20 ml of dry ether. 

55 The precipitate was filtered and washed with 5 ml of dry ether, followed by dried under reduced pressure to 
give 0.09 g of the desired product as the yellow powder (yield: 3 %). 
NMR (COCIs. 90 MHz) : 6=0.80 (t. J=7.4H2. 6H. CHa); 

1.36(s.6H.Si.CH3): 



40 



EP 0 629 632 A2 



1.10-3.00 (m. 8H); 
6.53 (s, 2H. 3-H.|nd): 
7.00-8.00 <m, 20H) 

Example 11 

Synthesis of rac^dimethylsi»yl-bis{1-(2-ivpropyl-4-(9-phenanthryOindenyl))zir^^^ dichloride 
Synthesis of 2-n-Dropyl-4-(a-phenanthryl)lndene 

A 300-ml four-necked round ffask equipped with a stirring l)ar. a dropping funnel and a thermometer was 
charged with 10 g (30.5 nrwnol) of the 4-bromo-2-n-propyt-1-trimethyl3j|yloxyindane synthesized in Example 
10. 50 ml of dry ether and 112 mg (0.1 53 mmol) of PdO^ (dppf). To the mixture was added dropwise 42 ml (61 
mmol) of an ether/benzene solution containing 1 .45 M 9-phenantolyl magnesium bromide at room tampeiature 
while stirring. Then, the temperature in the flask was elevated to 42 'C and the mixture was stlired under reflux' 
for 10 hours. Thereafter, the reaction mixture was poured onto 300 ml of a saturated aqueous solution of anv 
monium chloride, which was then extracted with 200 ml of ether four times. The combined organto phase was 
washed with a saturated NaQ aq. and dried over anhydrous MgSO*. The soh/ent was evaporated to give 20.3 
g of a brown liquid. 

The above^btained brown liquid and 50 ml of ether ware charged Into a 300-ml fbur^ecked round flask. 
To the riask was added dropwise 60 mi of an aqueous solution of 5 N hydrochloiic add at room temperature, 
and the nuxture was vigorously stirred for 6.5 hours. The resuiUng mbcture was transferred to a separating fun- 
nel, and washed with 50 ml of ether four times. The combined organic phase was washed with 100 ml of a 
saturated aqueous solution of sodium bicarbonate two times, followed by dried over anhydrous MgS04. The 
solvent was evaporated to give a brown semisolid. The brown semisolid thus obtained was purified with silica 
gel chromatography to give 10.75 g of a yellow powder. 

Then, the above-obtained yellow powder. 80 ml of anhydrous methylene chloride, 12.8 ml (92.0 mnwrf) of 
triethylamine and 187 ml (1.53 mmol) of 4-dimethylaminopyridine were charged into a 200-ml four-necked 
round flask. To the mature was added dropwise a solution containing 4.72 ml (61.0 mmol) of methanesulfonyl 
chloride dissolved in 20 ml of anhydrous methylene chloride while cooling with ice bath. After the addition was 
completed, the temperature was elevated to room temperature and the mixture was stirred for four hours. 
Thereafter the reaction product was poured onto 100 ml of Ice water, which was then extracted with 100 ml 
of methylene chloride three times. The combined organic phase was washed with 100 ml of a saturated aqu- 
eous solution of sodium bk:arbonate three times, followed by dried over anhydrous MgSO*. Iha soWent was 
evaporated to give a red-brown semisolid. The red-biown semisolid thus obtained was purified with silica gel 
chromatography to gh^e 7.20 g of the desired product as a yellow-white powder (yield: 71 %). 
NMR (CDCij, 90 MHz) : 6=0.92 (t. J=7.0H2, 3H, CHj); 

1.50 (m.2H); 

2.36 (t. J=7.0H2, 2H); 

3.02 (bd, 2H); 

6.60 (S.I H): 

7.05-9.00 (m. 12H) 

Synthesis of dimethytslly1-bis{1-(2-n>propyi-4-(9-phenanthryl)lndene 

A 300-ml four-necked round flask equipped with a stirring bar, a DImroth condenser, a dropping funnel 
and a thermometer was charged with 6.20 g (1 8.5 mmol) of 2-n-propyl-4-(9-phenantDlyOindeno, 120 ml of dry 
ether and 50 mg of copper cyanide. To the mbcture was added dropwise 12.5 ml (20.4 mmol) of a hexane sol- 
ution containing 1 .63 M rhbutyl lithium while cooling with ice bath. Af terthe addition was oompleted. the mUtura 
was stirred under reflux for 1.5 hours. Then, to the resulting mbcture was added dropwbe a solution containing 
1.34 ml (11 .1 mmol) of dimethyldichtorosilan dissolved in 1 0 ml of dry ether. After the addition was oompleted. 
the mbdure was stirred overnight at room temperature. Then, the reaction mixture was poured onto 200 ml of 
a saturated aqueous solution of ammonium chloride. After the filtration, the filtrate was extracted with 100 ml 
of ether three times. The organic phase was washed with 200 ml of a saturated Naa aq. and dried over an- 
hydrous MgSO*. The solvent was evaporated to gh^e a yellow-white powder. The powder thus obtained was 
purified with silica gel chromatography to give 3.80 g of the desired product as a yellow^white powder (yield: 
54%). 

NMR (CDCIa. 90 MHz) : 6a-0.17, -0.15 (each s, total 6H, ShCHj); 
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0.65-2.75 (m. 14H); 
3.86-4.25 (m. 2H. -CH-Si); 
6.25. 6.34 (each 6d. 2H): 
7.05-9.05 (m.24H) 

5 

Synthesis of rac-<llmethylsilyl-bis(1-(2-n-propyl-4>(9-phenanthryl)indennvl) zirconium dichloride 

A200-nH four-necked roundflask equipped with a stMig bar» a condenser having l>eads, a dropping funnel 
and a thcrmonreter was charged with ZB g (4.00 mmol) of dimethyisj|y|.bis{1 -(2-n-propyl-4-(9-phenaniolyl)in- 

10 dene)} and 60 ml of dry ether. To the mixture was added dropwise 5.15 ml (8.40 mmol) of a hexane solution 
containing 1.63 M n-tnityt lithium while cooling with ice bath. After the addition was completed, the mixture 
was stirred overnight at room temperature. Then, to the resulting mixture was added dropwise 1.00 g (4.29 
mmol) of 2/04 at -78 •C. After the addition was completed, the mixture was allowed to warm to room temper- 
ature. The resulting orange color reaction mixture was filtered and wash ed with 1 00 ml of dry methylene chlor- 

1$ ide. The filtrate was concentrated to dryness, which was then dissolved in 1 00 ml of dry methylene chloride. 
To the solution was added dry ether to give precipitate which was then filtered and washed with 15 ml of dry 
ether, followed by dried under reduced pressure to give 0.10 g of the desired product as a yellow powder (yield: 
2.8 %). 

NMR (CDOs. 90 MHz) : 6=0.80 (t, J=7.4H2, 6H. CHj); 
20 1.39(s.6H.Si-CH3); 

1.10-3.00 (m.8H); 
6.61 (s. 2K 3-H-lnd); 
7.00-9.10 (m.24H) 

25 Example 12 

Synthesis of rac-dimethylsilyl-bis(1-(2-ethyl-4-(9-phenanthryl)indenyl))2irconium dichloride 
Synthesis of 2-ethyl-1-hydroxy-4-(9-phenanthryl)indane 

30 

A 200-ml three-necked round flask equipped with a stirring bar, a Olmroth condenser, a dropping funnel 
and a thermometer was charged with 11.54 g (36.8 mmol) of 4-bromo-2-ethyH-lrimethylsllyloxylndane, 0.135 
g (0.1 84 mmol) of PdClj (dppf) and 35 ml of dry ether. To the mbcture was added dropwise 51 .5 ml (73.7 mmol) 
of an ether/benzene solution containing 1.4 M 9-phenantolyl ntagnesium bromide at room temperature under 

35 a nitrogen atmosphere. After the addition was completed, the temperature in the flask was elevated to 42 "C, 
and the mixture was stirred under reflux for 8 hours. After the reaction was completed, the reaction mbcture 
was cooled to room temperature, and the excess amount of Gringnard reagent was decomposed by graduaHy 
adding 100 ml of water. After the addition of 50 ml of ether, organic phase was separated, filtered through Celite, 
and the filtrate was washed with 100 ml of a saturated NaCI aq.. followed by dried over anhydrous Na2So4. 

40 The solvent was evaporated under reduced pressure to give 25 g of a dark red-brown liquid. 

Then, a 200-ml three-necked round flask equipped with a stirring bar, a Dimroth condenser, a dropping 
funnel and a thermometer was charged with the above-obtained red-brown liquid and 50 ml of tetrahydrof uran. 
To the mixture was added dropwise 6 ml of an aqueous solutton of 12 % hydrochloric add at room temperature 
under a nitrogen atmosphere. The reaction mixture was stin-ed for 5 hours. After the reaction was completed, 

45 100 ml of ether was added and the organic phase was separated, washed with 100 ml of a saturated aqueous 
solution of sodium bicarbonate, and then 100 ml of a saturated aqueous solution of salt three times, followed 
by dried over anhydrous Na2S04. The solvent was evaporated to give a dart( red liquid residue. The thus ob- 
tained dark red liquid residue was purified with silica gel chromatography (eluting with hexane, and then hex- 
ane/ethyl acetate (4/1 parts by volume)) to give 12.33 g of the desired product (mixture of two Isomers) as a 

50 pasty red-brown liquid (yield: 99%). 
FD-MS :338(M') 

Synthesis of 2-ethyi>4-<9-phenanlhryl)tndene 

55 A 300-rnt three-necked round flask equipped with a stim'ng bar. a Dimroth condenser, a dropping funnel 
and a thermometer was charged with 12.3 g (36.3 mmol) of 2-ethyl-1-hydroxy-4.(9-phenanthry1)lndane. 19.7 
ml (142 mmol) of triethylamlne and 61 .5 ml of methylene chloride. To the mixture was gradually dropwise added 
a solution containing 3.3 ml {AZB nrwnol) of methansutfonyl chloride dissolved in 5 ml of methylene chloride 
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under a nitrogen atmosphere at 0 *'C. After the addition was completed, the temperature was elevated to room 
temperature, and the reaction mixture was stirred for additionaJ 4 hours. To the reaction mixture was added 
80 ml of a saturated aqueous solution of sodium bicartxjnate. The organic phase was separated, and the aqu- 
eous phase was extracted with 50 ml of methylene chloride two times. The combined organicphase was wash- 
5 ed with water, and then a saturated aqueous solution of sodium chloride, followed by drying over anhydrous 
Na2S04. The solvent was evaporated under reduced pressure. The residue was chromatographed on silica 
gel (eluUng with hexane. and hexane/ethyl acetate (100/3 parts by volume)) to ghre 9.61 g of the desired product 
(mbcture of two isomers) as a pasty pale yeilow-green liquid &ield: 83%). 
FO-MS : 320 (MT 

10 NMR (CDClj. 90 MHz) : 5=0,86-1.44 (m. 3H. CHj); 

2.16-2.58 (m. 2H): 

3.04. 3.42 (eachbs. total 2H); 

6.09. 6.55 (each bs. total 1H); 

6.95-7.97 (m, 10H); 
IS 8.57-8.93 (m.2H) 

Synthesis of dlmethvlailyl-bls(1»(2-ethyl-4-(^phenanthryl)lndene)) 

A 200-ml three-necked round flask equipped with a stining bar, a Olmroth condenser, a dropping funnel 

20 and a thermometer was charged with 5.3 g (16.5 mmol) of 2-ett)yU-(^phenanthryt)lndene, 45 mg (0.45 mmol) 
of copper cyanide and 1 06 ml of dry ether. To the mixture was added dropwtee 11.8 ml (16.2 mmd) of a hexane 
solution containing 1 .54 M n-butyl lithium under a nitrogen atmosphere at -10 "^C. After the addHlon was conrv 
pleted, the temperature was elevated to room temperature and the mbcture was further stirred for 5 hours. 
Then, to the reaction mixture was added dropwise a solution containing 1 .12 ml (9.1 mmol) of dimethyldichlor- 

25 osilane dissolved in 5 ml of dry ether while cooling with ice bath. After the addition was completed, the tenv 
perature was elevated to room temperature, and the mixture was stirred for 15 houfB. To the reaction mixture 
was added 50 ml of a saturated aqueous solution of ammonium chloride. Then, the insoluble substance was 
filtered through Celite, and the filtrate was separated to an organic phase and an aqueous phase. The aqueous 
phase was extracted with 50 ml of ether. The combined organic phase was washed with 50 ml of a saturated 

30 NaCI aq. three times, and dried over anhydrous Na2S04. The soh^ent was evaporated under reduced pressure 
to obtain a residue of a pasty pale yellow-brown liquid. The thus obtained residue was separated with silica 
gel chromatography (eluting with hexane. and hexane/ethyl acetate (1000/7 parts by volume)) to give 3.19 g 
of the desired product (mixture of sstereoisomers) as a yellow solM ^eld: 55 %). 
FO-MS : 697 (M^ 

95 NMR (COCI,, 90 MHz) : 5=-0.18, -0.14 (each s. total 6H. SI-CHa); 

0.79-1.41 (m.6H, CHj); 
Z13-2.73(m.4H); 

I 

3.84-4.15 (m, 2H.-CH-SI); 
^ 6,21. 6.31 (each bs. 2H); 

6.98-8.05 (m. 20H); 
8.52-8.93 (m. 4H) 



Synthesis of rac-dimethylsilyt-bis{1-(2-ethyl-4-(9-phenanthryl)indenyl))zirconium dlchlorlde 

A 100-ml three-necked round flask equipped with a stirring bar, a condenser, a dropping funnel and a 
thermometer was charged with 0.60 g (0.86 mmd) of dlmethyl8ilyl-bis(1-(2-ethyl-4-(9-phenanthryl)indene)} 
and 12 ml of dry ether under an argon atmosphere. To the mixture was added dropwise 1.16 ml (1.81 mmol) 
of a hexane solution containing 1 .54 M n-butyl lithium at room temperature. After the addition was completed, 
the mixture was further stirred for 18.5 houra. The pale yellow-orange reaction mixture was coded to -70 "C. 
Then, to the mbdure was added 0.20 g (0.86 mmol) of ZtO^. After the addition was completed, the mbcture 
was allowed to warm to room temperature overnight The resulting orange-yellow reaction slurry was filtered, 
and the residue was washed with 6 ml of dry ether, and then 5 ml of methylene chloride five limes. To the re- 
sulting product was added 55 ml of methylene chloride, and then the Insoluble material was filtered off. The 
filtrate was concentrated to dryness. The dried product was reslurried In 2 ml of dry ether and dried to obtain 
80 mg of a yellow-orange powder. NMR analysis showed that this powder comprises a mbcture of rac/meso 
(91/9). Then, the above-obtained powder was reslum'ed and washed in 2 ml of methylene chloride and 2 ml of 
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dry ether. Then, the resulting product was dried under reduced pressure to obtein 66 mg of the desired product 

as a yellow-orange powder (yieid: 9 %). 

NMR (CDCIa, 90 MHz) : &=1 .01 (I, J=7.6Hz, 6H. CHj); 

1.37 (s, 6H, SI-CH3); 

2.16-2.91 (m.4H): 

6.55 (s, 2H. 3-H-lnd)); 

6.78-8.12 (m,20H); 

8.39-6.76(10, 4H) 

Example 13 

Synthesis of rac-dimethylsilyi-bis{1.(2-i-butyl-4-(1.naphthyl)indenyl))2irconium dichtoride 
2-bfomobenzylidenediethylmalonic acid 

A 500-ml three-necked round flask (Dean & Stark) equipped with a stining bar, a Oimroth condenser and 
a thermometer was charged with 74.0 g (400 mmol) of 2-bronrK)ben2aldehyde, 70.48 g (440 mnrwl) of diethyl- 
maioic acW, 1.6 ml of piperidlne. 4.8 ml of acetic acid and 80 ml of benzene. The nuxture was subjected to 
azeotoropic dehydration for 7 hours in an oil bath of 110 ''C under a nitrogen atmosphere. After the reaction 
was completed, the reaction mixture was cooled to room tefnperature and 300 ml of ether was added, followed 
by washing with 100 ml of watertwo times. The oiganic phase was dried over anhydrous NajSO*. The soWent 
was concentrated under reduced pressure and the concentrate of a orange liquid was distilled under reduced 
pressure to obtain 117.2 g of the desired product as a yellow liquid (yield: 90 %). 
bp. : 164-171 •Cfl).2mmHg * 

NMR (COaj, 90 MHz) : 6=1 .17 (t. J=7.0Hz. 3H. CH^); 

1.34(t.J=7.0Hz.3H, CHj); 

4.22 (q. J=7.0Hz, 2H. -O-CHr); 

4.32 (q, J=7.0Hz. 2H, -0-CHr) 7.0&.7.80 (m. 3H); 
7.97 (s, 1H); 

IR(Neat) : 1725 cm-' (vc=o); 

mp. : 43.6-45.6 

Synthesis of 2-bromoben2yl diethylmalonic acM 

A 500-ml three-necked round flask equipped with a stirrer, a dropping funnel and thermometer was 
charged with 13.64 g (360.8 mmol) of sodium borohydride and 280 ml of ethanol. To the mixture was added a 
solid of 2-bromobenzylklene diethylmalonk: acid in portions under a nitrogen atmosphere while cooling wHh 
ice bath. After the addition was completed, the mixture was further stirred for 1 hour. Then, the resulting white 
slurry was filtered, and the residue was washed with SO ml of ethanol. The combined filtrate was concentrated 
under reduced pressure, which was then extracted with 200 ml of water and 200 ml of ether. The organic phase 
was separated, and the aqueous phase was further extracted with 200 ml of ether. The combined organic phase 
was washed with 200 ml of a saturated Naa aq. two times, followed by drying over anhydrous Na2S04. The 
solvent was evaporated under reduced pressure. The residue was separated and purified with silica gel chro- 
matography (eluting with hexane/ethyl acetate (6/1 parts by volume)) to obtain 55.4 g of the desired product 
as a colorless liquid (yield: 47 %). 
NMR (CDOIj. 90 MHz) : fi=1 .21 (t. J=7. 1 Hz. 6H. CM,); 

3.33 (d, J=7.6Hz, 2H); 

3.84 (dd. J==7.8Hz, 7.6Hz. 1H); 

4.13 (q. J=7.1Hz, 4H. -0-CHr) 6.67-7.36 (m. 3H); 

7.51(dd,Ja2.3H2, 7.6H2.1H); 

IR (Neat) : 1730 cnr\ 1750 car^ (v «) 

Synthesis of 3-{2-bromophenyt)-2-l»butylproplonlc acid 



A 1 -liter four-necked round flask equipped with a stirrer, a Dimroth condenser, a dropping funnel and a 
thermometer was charged with 20.45 g (182.3 mmol) of potassiunvt-butoxide. 180 ml of toluene and 25 ml of 
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N-methylpyrrolidone. To the mixture was added a solution containing 50.0 g (151.9 mmol) of 2-bronH)benzyl 
diethylmalonic acid d^sso^ed in 40 m) of toluene at room temperature under a nitrogen atmosphere. After the 
addition was completed, the temperature in the flask was elevated to 60 and the reaction mixtu/B was stirred 
for 1 hour. Then, to the resulting mixture was added a solution containing 24.97 g (182.3 mmol) of I-butylbro- 

5 mide dissolved in 30 ml of toluene at the same temperature. After the addition was completed, the temperature 
was elevated and the mixture was stirred under reflux for 1 B hours. The reaction mixture was poured onto 150 
ml of a saturated aqueous solution of sodium chloride, and the mixture was adjusted to pH 3 with addition of 
12 % hydrochloric acid. The organic phase was separated, and the aqueous phase was extracted with 100 ml 
of ether two times. The combined organic phase was washed with 200 ml of a saturated aqueous sdution of 

10 sodium bicarbonate, and then 150 ml of a saturated aqueous solution of sodium chloride, followed by drying 
over anhydrous NajSO*. The soNent was concentrated under reduced pressure to obtain 64 g of the concen- 
trate as an orange liquid. 

Then, a Miter four-necked round flask equipped with a stirrer, a Dimroth condenser, a dropping funnel 
and a ihemiometer was charged with 100 g (1.52 md) of potassium hydroxide and 300 n^ of an aqueous me- 
« thanol solution (methanol/water=4/1 (v^)). To the mixt ure was added dropwise the ebove-obtained concentrate 
at room temperature under a nitrogen atmosphere. After the addition was completed, the temperature was 
elevated and the mixture was stirred under reflux for 7 hours. After the reaction was completed, the methanol 
was evaporated under reduced pressure. The residue was dissohred In waterand adjusted to pH 3 with addiUon 
of dilute sulfuric add. The precipitate was filtered and washed with 150 ml of ether. The combined f lltrata was 
20 separated to an oil phase and an aqueous phase. The aqueous phase was extracted with 100 mi of ether two 
times. The combined organic phase was washed with 100 ml of a saturated aqueous solution of sodium chlor- 
ide, followed by drying over anhydrous NaiSO^. The solvent was concentrated under reduced pressure to ob- 
tain 49.7 g of an orange-brown pasty liquid. Then, the above-obtained orange-brown pasty liquid was charged 
into a 300-ml flask equipped with a stirring bar and a Dimroth condenser, and heated to 180 and etlrred for 
25 1.5 hours under a nitrogen atmosphere. 42.1 g of the desired product was obtained as a dartc red pasty liquid 
(yield: 97 %). This carboxylic add was used in the next reaction without further purificatmn. 
NMR (CDCI5, 90 MHz) : 6=0.90 (d, J=6.4Hz. 3H, CH,); 

0.93 (d. J=6.4Hz, 3H. CHj); 
1.07-1.89 (m, 3H); 
30 2.57-3.09 (m, 3H): 

6.72-7.30 (m. 4H); 
7.51 (dd,J=2.0H2. 7.1Hz. 1H); 

Synthesis of 3-(2-bromophenyl)-2-i-butylpropionic add chloride 

A200-ml four-necked round flask equipped with a stirring bar. a Dimroth condenser, a hermometer and a 
NaOH trap was charged with 42.1 g of 3-<2-bromophenyl)-2-i-butylpropinonic add and 80 mi of thtonyl chloride. 
The mbcture was stirred under reflux for 1.5 hour under a nitrogen atmosphere. After the reaction was com- 
pleted, the unreacted thionyl chloride was evaporated under reduced pressure. The residue was distilled under 
reduced pressure to obtain 40.3 g of the desired product as a pate orange liquid (yield: 90 %). 
bp- : 130-132 *C/0.1-0.2mmHg 

NMR (CDCI3, 90 MHz) : 6=0.90 (d. J=6.4Hz. 3H. CHj); 

0.96 (d, J=e.4Hz. 3H. CH,); 
1.13-Z06 (m, 3H); 
2.71-3.53 (m. 3H): 
6.8B-7.40 (m. 3H); 
7.50 (d. J=6.9Hz.1H); 

IR(Neat) : 1780 cm-^v «) 

Synthesis of 44)romo-2-i-butyi-1>indanone 

A500-ml four-necked round flask equipped with a stirrer, a Dimroth condenser, a dropping funnel, a thernv 
ometer and a NaOH trap was charged with 20.33 g (152.5 mmol) of anhydrous aluminum chloride and 70 ml 
of carbon disulfMe. To the mixture was added dropwise a solution containing 40.2 g (132.6 mmol) of the above- 
obtained 3-(2-bron«)phenyl)-2-l-butylpropionic acid chloride dlssoh^ed in 50 ml of carbon disulf kle under a ni- 
trogen atmosphere while coding with Ice bath. After the addition was completed, the temperature In the flask 
was elevated to room temperature, and the mbcture was stinred for 1 hour. Then, the reaction mixture was 

45 
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quenched by pouring onto 200 ml of ice water, which was then extracted with 100 ml of ether three times. The 
combined organic phase was washed with 100 ml of a saturated aqueous solution of sodium bicarbonate, and 
then 100 ml of a saturated NaCI aq.. followed by dried over anhydrous NajSO*. The solvent was evaporated 
under reduced pressure to give 37.4 g of the desired product as an orange liquid. This ketone %vas used In the 
next reaction without further purification. 
Um (COCIj. 90 MHz) ; 6 = 0.99 (t, J=6.4Hz, 6H, CHj); 

1.02-1.55 (m. 1H): 

1.59-2.12 (ni,2H); 

2.53-2.94 (m.2H): 

3.02-3.62 (m.lH): 

7.24(t.J=7.6Hz.1H); 

7.66(d.J=7.6H2,1H): 

7.74 (d, J=7.6H2. 1H); 
IR(Neal) : 1718 cm-i (Ve=o) 

Synthesis of 4>bron>o-2>i-butyl>1-hydroxytndane 

A 300-ml three-necked round flask equipped with a stirring bar. a Dimroth condenser, a dropping funnel 
and a thermometer was charged with 2.51 g (66.3 mmol) of sodium boron hydride and 85 ml of ethanoL To the 
mixture was added dropwise a solution containing 37.0 g (132.6 mmol) of the above-obtained 4-bromo-2.i- 
butyl-1-lndanone dissohred in 55 ml of ethanol at room tempeiature under a nitrogen atmosphere. After the 
addition was completed, the mixture was further stirred for 16 hours. Then, the reaction mixture was concen- 
trated under reduced pressure, which was then extracted with 150 ml of water and ISO ml of ether. The organic 
phase was separated, and the aqueous phase was further extracted with 100 ml of ether. The combined organic 
phase was washed with 100 ml of a saturated NaCI aq. two times, followed by dried over anhydrous Na2S04. 
The solvent was evaporated under reduced pressure to obtain 34.4 g of the desired product (mixture of two 
isomers) as a pale yellow solid (yield: 96 %). This alcohol was used in the next reartion without further puri- 
ficatbn. 

NMR (CDCI3, 90 MHz) : 5=0.76-1.23 (m. 6H, CHj); 

1.25-Z01 (m, 3H); 
2.05-3.36 (m, 3H); 

I 

4.80, 5.03 (each bs, total 1H, -CH- 0-); 
6.89-7.57 (m. 3H); 
IR (KBr disk) : 3232 cm-i(v oh) 

Synthesis of 4-bromo-2-i-butyl-1-trlmethylsilyloxyindane 

A 300-ml three-necked round flask equipped with a stirring bar, a Dimroth condenser, a dropping funnel 
and a thermometer was charged with 34.4 g (127.8 mmol) of 4.bfomo-2-i-butyl-1-hydoxyindane, 23.1 ml (166.2 
mmol) of triethylamine and 118 ml of methylene chloride. To the mixture was added dropwise 20 ml of a me- 
thylene chloride solution containing 19.45 ml (153.4 mmol) of trimethytsllyt chloride under a nitrogen atmos- 
phere while cooling with ice bath. After the addition was completed, the temperature was elevated to room 
temperature, and the mixture was further stinred for 1 .5 hours. The reaction mixture was poured onto a mixture 
of 200 ml of ice water and 20 ml of a saturated aqueous solution of sodium bicarbonate. Then, the organic 
phase was separated, and the aqueous phase was further extracted with 50 ml of methylene chloride two 
times. The combined organic phase was washed with 100 ml of a saturated NaCI aq., followed by dried over 
anhydrous Na2S04. The solvent was evaporated under reduced pressure. The residue was distilled under re- 
duced pressure to obtain 41 .8 g of the desired product (mixture of two isomers) as a pale yellow liquid (yield: 
96%).. 

bp. : 141-146 •C/0.1-0.2nwnHg 

NMR (ODCI,. 90 MHz) : 6=0.15-0.24 (each s, total 9H. SI-CHj); 

0.76-1.10 (m.6H. CH,): 

1.20-1.64 (m. 3H): 

2.12-3.26 (m. 3H): 

I 

4.77, 5.06 (each bd. each J=6.4Hz, total 1H. "^"■Q-); 
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6.88-7.44 (m, 3H) 

Synthesis of 2-hbutyi-1-hydfoxy>4--(1>naphty<lindene 

A 200^nl three-necked round flask equipped with a stirring bar, a DInrvoth condenser, a dropping funnel 
and a theimometer was charged with 5.0 g (14.65 mmol) of 4.brqmo-2-f-n-bulyH-lrtmethy!sllyloxyfndane, 53.6 
mg (0.073 mmol) of PdClj (dppf) and 1 5 ml of dry ether. To the mixtuie was added dropwise 40.7 ml (29.3 mmol) 
of an ether/benzene solution containing 0.72 M 1-naphthylmagnesium bromide at room temperature under a 
nitrogen atmosphere. After the addition was completed, the temperature In the flask was elevated to 50 to 51 
•C and the mwture was stirred under reflux for 1 8 hours. After the reacUon was completed, the temperature 
was cooled to room temperature. Thereafter, the reaction mixture was added to a mixture of 100 ml of a satu- 
rated aqueous solution of ammonium chloride and ice so as to decompose an excess amount of Grignard re- 
agent. The resultant mixture was extracted with 50 ml of ether two limes. The combined organic phase was 
washed with a saturated aqueous solutk)n of sodium bicarbonate, and then a saturated NaD aq.. followed by 
dried over anhydrous N82SO4. The solvent was evaporated to obtain 12.1 g of a pasty liquM. 

Then, the above-obtained pasty liquid was diluted with 24.2 ml of tetrahydrofuran and 7 ml of 12 % hy- 
drochloric acid was added. The mbcture was stirred at room temperature for 3 hours. After the reaction was 
completed, the reaction mixture was added to 50 ml of a saturated aqueous solution of sodium bicartwnata. 
which was then extracted with 50 ml of ether two times. The combined organic phase was washed with a satu- 
rated aqueous solution of sodium bicarbonate, and then a saturated NaO aq.. followed by dried over anhydrous 
Na2S04. The soWent was evaporated under reduced pressure. The residue was separated and purified with 
silica gel chromatography (eluting with hexane/ethyl acetate (20/1 parts by volume)) to obtain 4.54 g of the 
desired product (mUture of two kinds of isomere) as a brown pasty liquid (yield: 98 %). 
NMR (COas. 90 MHz) : 6=0.71-1.07 (m. 6H); 

1.13-2.91 (m. 7H): 

I 

4.88. 5.07 (each bs, total 1H. '^"^O-); 

7.12- 8.01 (m, 10H): 
IR(Neat) : 3328 cm-i(v ^) 

Synthesis of 2-i-butyl-4-(1-naphthyl)indene 

A 200-ml three-necked round flask equipped with a stirring bar. a Dimroth condenser, a dropping funnel 
and a thermometer was charged with 4.54 g (14.4 mmol) of 2-i-butyl-1-hydroxy-4^1-naphthyl)lndene. 5.13 g 
(50.8 mmol) of triethylamlne. 0.10 g (0.82 mmd) of 4-dimethy!aminopyridine and 57.7 ml of methylene chtoride. 
To the mixture was added dropwise a solution containing 3.87 ml (33,8 mmol) of methanesulfonyl chtoride dis- 
solved In 7.7 ml of methylene chloride under a nftrogen atmosphere while cooling with ice bath. After the ad- 
dition was completed, the temperature was elevated to room temperature and the mixture was further stirred 
for 3 hours. The reaction mixture was poured onto 100 ml of water. Thereafter, the organic phase was sepa- 
rated, and the aqueous phase was extracted with 50 mJ of methylene chloride. The extracted organic phases 
were combined and washed with a saturated NaQ aq., followed by dried over anhydrous NstSO*. The solvent 
was evaporated under reduced pressure. The residue was separated and purified with siika gel chromatog- 
raphy (eluting with hexane/ethyl acetate (20/1 parts by volume)) to obtain 3.96 g of the desired product (mbcture 
of two isomere) as a pale yellow pasty liquid (yield: 93 %). 
NMR (CDCI3, 90 MHz) : 6=0.86 (d. J=6.4Hz. 6H. CHJ: 

1.13- 1,99 (m, 1H); 
2.24 (d, J=6.4Hz.2H); 
3.01. 3.40 (each s. total 2H): 
6.07. 6.55 (each s. total 1H); 
6.92-7.98 (m, ION) 

Synthesis of dimethylsilyl-bls[1'(2-i-butyl-4'(1«naphthyl)lndene 

A 100-ml three-necked flask equipped with a stirring bar, a Dimroth condenser, a dropping funnel and a 
thermometer was charged with Z37 g (7.95 mmol) of 2-i-buty-4-(1-napthyl)indene. 28 mg (0.22 mmd) of cop- 
per thlocyanate and 24 ml of absolute ether. To the mbcture was added dropwise 5.54 ml (8.75 n»nol) of a hex- 
ane solutton containing 1,58 M n-butyl lithium at room temperature under a nitrogen atmosphere. After the 
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addition was completed, the mixture was further stirred for 15 hours. Then, to the reaction mixture was added 
dfopwise a solution containing 0.53 mJ (4.37 mnwl) of dimethyldichlorosilane dissolved in 1 .6 ml of dry ether. 
After the addition was completed, the mixture was further stirred for 27.5 hours at room temperature. The re- 
action mixture was filtered with Celite, and the filtrate was separated to an organic phase and an aqueous 

5 phase by addition of 30 ml of water. The organic phase was separated, and the aqueous phase was extracted 
with 30 ml of ether. The combined organic phase was washed with a saturated NaO aq., followed by dried 
over anhydrous Na2S04. The solvent was evaporated under reduced pressure to obtain a yellow pasty liquid 
residue. The thus obtained yellow pasty liquid residue was separated and purified with silica gel chromatog- 
raphy (eluting with hexane/ethyl ether (160/1 parts by volume)) to obtain 1.85 g of the desired product (mUture 

10 of two isomers) as a pale yellow solid (yield: 71 %). 
FD-MS : 653 (MO 

NMR (CDOj, 90 MHz) : 5=-0.37 to -0.08 (m. 6H. Si-CHa); 

0.59-1.10 (m. 12H. CH,); 
1.19-2.06 (m,2H): 

IS ^12-2.57(m.4H): 

I 

3.86, 3.95 (each bs, total 2H. -CH- Si); 
6.17. 6.26 (each bs. total 2H); 
6.92-8.04 (m. 20H) 

20 

Synthesis of rac-dimethytsily^bts{1-(2-HbutyU>(1>naphtyl)indenyl)}2ln»nium dichtorkle 

A SO-ml three-necked round ftask equipped with a stirring bar. a condenser, a dropping funnel and therm- 
ometer was charged with 1.0 g (1.53 mmol) of dimetnylsllyl-bis(1-(2-l-butyM.<1-naphlhyl)lndene)} and 20 ml 
25 of dry ether. To the mbcture was added dropwisa 2.09 ml (3.22 mmd) of a hexane soluUon containing 1.54 M 
n-butyl lithium at room temperature. After the addition was completed, the mixture was further stirred for 15 
hours. The resulting dear red reacUon liquid was cooled to -68 ''C. To the soluUon was added 0.36 g (1 .53 mmol) 
of ZrCU. After the sddition was completed, the mixture was allowed to warm to room temperature overnight 
under stirring. The resulting orange-yellow reaction slurry was filtered and washed with dry ether two times. 
30 To the residue was added 25 ml of methylene chloride and the insoluble material was filtered off. The filtrate 
was concentrated to dryness at room temperature. The resulting orange-yellow dried material was dissolved 
in 8 ml of methylene chloride, and the solution was concentrated to about 1/2 of the total amount of the solution. 
To the solution was added 1 ml of dry ether, to give the precipitates vrtiich were filtered, and vrashed with 1 ml 
of dry ether. The resulting solid was dried under reduced pressure to obtain 140 mg ofan orange-yellow powder. 
35 NMR analysis showed that this powder comprises a mixture of rac/maso (88/12). Then, the above-obtained 
powder was dissolved in 3 ml of methylene chloride. To the solution was added 6 nrti of dry ether, to give the 
precipitates which were filtered, and washed with 0.5 ml of dry ether, followed by dried under reduced pressure 
to obtain 77 mg of the desired product as a yeDow-orange powder (yield: 6 %). 
FD-M5 :812(M*) 
40 NMR (COa,. 90 MHz) : 5=0.71 (d. J=6.4Hz. 6H. CH,); 

0.86 (d. J=6.4Hz, 6H. CHa); 
1.38 (s. 6H, Si-CHj); 
1.78-2.22 (m. 2H): 
2,51-2.87 (m, 4H); 
45 6.41 (3, 2H, 3-H-lnd); 

6.86-6.02 (m. 20H) 

Example 14 

50 The polymerization was carried out in the same manner as in Example 2 except that the rac-dlmethylsilyl- 
bis{1-(2-ethyt-4-(phenaniolyl)indenyl)}zirconium chloride was used in place of the rao-dimethylsilyi-bls(1-(2- 
ethyl-4-phenylindenyl))zirconium dichioride as a transition metal compound catalyst component, and the flow 
rate of hydrogen was changed to 3 llters/hr. 

The amount of the thus obtained polymer was 23.4 g and the polymerization activity was 12.0 kg-PP/mmol- 
55 Zr-hr. The intrinsic viscosity lt\] was 2.92 dt/g. and Mw/Mn was 2.22. 

In the polymer, the triad tacticity was 99.7 %. the proportion of the inversely inserted units based on the 
2.1-insartion of the propylene monomer was 0.14 %, and the proportion of the inversely inserted units based 
on the 1,3-insertion of the propylene monomer was less than the detectable tower limit (lass than 0.03 %). 
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The results are shown in Table 1 (Q and (II). 
Example IS 

5 The polymerization was carried out in the same manner as in Example 2 except that the rac-dlmethyfsilyl- 
bis{1-(2-butyM-<1-naphthyl)lndenyl))zlrconfum dichloride was used in place of the racKnmethylsityl-bis(1-<2- 
ethyl-4-phenylindenyl))2irconium dichloride as a transition metal compound catalyst component, and the flow 
rate of hydrogen was changed to 3 liters/hr. 

Theamountof the thusobtained polymer was 24.6gand the polyrnerizationactlvlty was 12.6lc^^^ 
10 Zr hr. The intrinsic viscosity lr\] was 3.05 dl/g» and Mw/Mn was 2.10. In the polymer, the triad tacticity was 99.2 
%. the proportion of the inversely inserted units based on the 2.1 -insertion of the propylene monomer was 0.1 9 
%, and the propoftion of the inversely inserted units based on the I.S-tnsertion of the propylene monomer was 
less than the detectable lower limit (less than 0.03 %). 

The results are shown in Table 1 (0 and (It). 

15 

Example 16 

The polymerization was canled out in the same manner as in Example 2 except that the rac-dlmethylsilyt- 
bis{1-(2-n-propyl-4-(1-naphthyl)indenyl))zirconlum dichloride was used In place of the rac-dlmethyl8ilyl-bls{1- 
20 (2-ethyM-phenylindenyl)}zifconium dichloride as a transition metal compound catalyst component, and the 
flow rate of hydrogen was changed to 3 litersAir. 

Theamountofthethusobtalnedpolymerwas 19.9 g and the polymerizaUon activity was 10.2kg-PP/mmol- 
Zr-hr. The Intrinsic viscosity h) was 3.13 dl/g, and Mw/Mn was 2.19. In the polymer, the triad tacticity was 99.5 
%, the proportion of the inversely inserted units based on the 2, insertion of the propylene monomer was 0.19 
25 %, and the proportion of the invereely inserted units based on the 1 ,3-insertion of the propylene monomer was 
less than the detectable lower limit (less than 0.03 %). 
The results are shown in Table 1 (I) and (II). 

Example 17 

30 

The polymerization was carried out In the same manner as in Example 2 except that the rac-dlmethylsllyl- 
bis{1-(2-n-propyl-4.(9-phenanthryl)indenyl)}2lrconium dichloride was used In place of the rac-dtmethylsllyl-bls- 
{1 -(2-ethyM-pheny1indenyt)}zirconium dichloride as a transition metal compound catalyst component and the 
flow rata of hydrogen was changed to 3liter8/hr. 

35 The amount of the thus obtained polymer was 14.5 g and the polymerization acthnty was 7.4 kg-PP/mmol- 
Zr-hr. The intrinsic viscosity was 3.47 dl/g, and Mw/Mn was 2.15. In the polymer, the triad tacticity was 99.7 
%. the proportion of the invereely inserted units based on the 2.1-insertion of the propylene monomer was 0.16 
%, and the proportion of the invereely inserted units based on the 1 ,3-insertlon of the propylene monomer was 
less than the detectable lower limit (less than 0.03 %). 

40 The results are shown in Table 1 (I) and (II). 

Example 18 

A 2-iiter autodave throughly purged with nitrogen was charged with 920 ml of hexane and 50 g of 1-butene. 

45 Then, to the autodave was added 1 mmol of triisobutylaluminum. After elevating the temperature of the reac- 
tion system to 70 "C, propylene was fed to the system to a total pressure of 7 kg/cm^G. To the autodave were 
added 0.28 mmol of methylaluminoxane and 7 x l0-» mmol (in terms of Zr atom) of rac-dlmethylsllyl-bb{1-(2- 
ethyU-phenyl-1-lndenyl)}zin:onium dichloride to polymerize the monomere for 30 minutes while propylene was 
continuously fed to keep the total pressure of 7 kg//cm»-G. After the pdymerizatton. the autodave was released. 

50 the resulting polymer was recovered in a large amount of methanol, and dried at 110 for 12 houre under 
reduced pressure. 

The emount of the polymer obtained was 52.1 g. The pdymerizatlon acthnly was 149 kg-polymer/mmolZ- 
r hr. The polymer had a 1-butene content of 20.2 md %. an intrinsic viscosity h] of 1.90 dl/g. Mw/Mn of 2.05 
and a matting point of 101.5 ^'C. 
S5 The results are shown in Table 1 (I) and (II). 
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Example 19 

A500-m} gas through type glass reactor throughly purged with nitrogen was charged with 250 ml of toluene 
and 9.4 ml of l-octene, followed by elevating the temperature of the reactor to 50 *C. The system was suffi- 
ciently saturated by feeding propylene at a flow rate of 250 liters/hr. Then, to the autodave were added 0.1 
mmol of trllsobutytaluminum. 1.1 mmol of methylaluminoxane and 0.002 mmol (in terms of Zr atom) of rac-dl- 
methylsilyl-bis{1-<2-elhyl-4-phenylindenyl))zirconium dichloride to polymerize the monomers for 30 minutes 
while propylene was continuously fed at a flow rate of 250 liters/hr to keep the temperature In the system of 
50 «C. The polymerization was stopped by the addition of a small amount of methanol. The polymer solution 
was added to 2 liters of methanol containing a small amount of hydrochloric add to predpitate a polymer. The 
predpitated polymer was recovered and dried under reduced pressure at 110 »C for 12 hours. 

The amount of the polymer obtained was 5.4 g. The polymerization activity was 5.4 kg-polymer/mmolZrhr. 
The polymer had a l-octene content of 6.7 mol %. an intrinsic vscosity hJ of 1.44 dl/g, Mw/Mn of 2,41 and a 
melting pointof 131 *C. 

The results are shown in Table 1 (I) and (II). 

Example 20 

A200-ml reactor equipped with stinring blade throughly purged with nitrogen was charged with 80 liters of 
hexane, 80 mmol of triisobutylaluminum. 0.25 liter of hydrogen, 9 kg of ethylene and 0.3 kg of propylene, fol- 
lowed by elevating the temperature of the reactor to 70 "C, Then, to the reactor were added IB mmol of me- 
thylaluminoxane and 0,06mmol (in termsof Zratom)of rac-dimethylsilyl^ls{1-(2-methyM.phenyllndenyl)}z^ 
conium dichloride to polymerize at 70 for 30 minutes. During the potymerizatton. 13.7 kg of propylene and 
0,5 kg of ethylene were respectively fed to the reactor. After the polymerization, the autodave was released, 
the resulUng polymer was recovered in a large arrwunt of methanol, and dried at 80 •C for 10 hours under re- 
duced pressure. 

The amount of the polymer obtained was 7.0 kg. The polymerization activity was 11 7 kg-polymer/mmolZ- 
r hr. The polymer had an ethylene content of 4.7 mol % and an intrinsic viscosity [t|] of 2.7 dl/g. In the polymer, 
the triad tactidly of the propylene unit chain consisting of head-to-tail bonds was 97.5 %, the proportion of the 
inversely inserted units based on the 2,1 -insertion of the propylene monomer was 0.22 %. and the proportion 
of the inversely inserted units based on the 1.3-insertion of the propylene monomer was not more than 0.05 
%- 

The results are shown in Table 1 (I) and (II). 

The film of the copolymer had a heal seal-starting temperature of 120 •€ and a heat seal-starting tern- 
peature after heat treatment of 123 X. 
The results are shown In Table 2. 

Example 21 

A 2-liter autodave throughly purged with nitrogen was charged with 900 ml of hexane. Then, to the auto- 
clave was added 1 mmol of triisobutylaluminum. After elevating the temperature of the reaction system to 70 
•C, ethylene was fed to the system to keep a pressure of 1.5 kg/cm^-G. and then propylene was fed to the 
system to keep a total pressure of 8 kg/cm^-G. To the autodave were added 0.3 mmd of methylaluminoxane 
and 0.001 mmol (in terms of Zr atom) of rac-dimethylsilyl-bis{1-(2-dimethyl-4-phenylindenyl)}zirconium dfchlor- 
ide to polymerize the monomers for 7 minutes while propylene was continuously fed to keep the total pressure 
of 8 kg//cm^G. After the polymerizatton. the autodave was released, the resulting polymer was recovered in 
a large amount of methanol, and dried at 110 *C for 10 hours under reduced pressure. 

The amount of the polymer obtained was 25.4 g. The polymerization acth/ily was 25 kg-polymer/mmolZr hr. 
The pdymer had an ethylene content of 2.5 mol % and an intrinsic viscosity [t\] of 3.1 dl/g. In the polymer, the 
triad tactidty of the propylene unit chain consisting of head-to-tail bonds was 97.6 %. the proportion of the 
inversely inserted units based on the 2,1-insertion of the propylene monomerwas 0.22 %. and the proportion 
of the inversely inserted units based on the 1,3-lnsertton of the propylene monomer was not more than 0.05 
%. 

The results are shown in Table 1 (I) and (II). 

The film of the copolymer had a heat seal-starting temperature of 134 'C and a heat seal-starting ten>- 
peature after heat treatment of 134 «C. 
The results are shown in Table 2. 
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Example 22 

A 17-lfter autodave throughly purged with nitrogen was charged with 8 liters of hexane. After the temper- 
ature of the reaction system was elevated to 60 °C, propylene and ethylene were continuously fed to the system 
5 at a flow rate of 250 lilers/hr and a flow rate of 1 70 liters/hr, respectively, to elevate the pressure to 8 kfl^cm»- 
G. 

Then, to the autoclave were added 8 mmol of triisobutytaluminum. 1.8 mmol of methylaluminoxane and 
0.006 mmol (In terms of Zr atom) of rac^jmethylslly|.bls(1-(2-dImethyM-phenylIndenyl))zlroonlum dichloride 
to polymerfze Che monomers at 60 'C for 45 minutes while a mixed gas of propylene and ethytene (mol ratio: 
10 60/40) were continuously fed to keep the pressure of 6 kg//cmM5. After the polymerization, the autoclave was 
released, the resulting polymer was recovered in a large amount of methanol, and dried at 110 Hi for 10 hours 
under reduced pressure. 

The amount of the polymer obtained was 860 g. The polymerization activity was 1 43 kg-polymer/mmoJZrhr. 
The polymer had an ethytene content of 33.6 mol % and an intrinsic viscosity h) of 1.4 dl/g. In the polymer, 
15 the triad tactidty of the propylene unit chain consisting of head-to-lail bonds was 97.5 %. the proportion of the 
inversely inserted units based on the 2.lHnsertion of the propylene monomer was 0.27 %, and the proportion 
of the inversely inserted units based on the 1 .3-lnsertion of the propylene monomer was not more than a03 
%, 

The results are shown in Table 1 (I) and (11). 
20 The copolymer had an izod impact strength of 30 kg cm/cm. a film impact strength of 5300 kg cm/cm and 
MFRof17.a g/IOmln. 

The results are shown In Table 2. 

Example 23 

25 

The polymerization was carried out in the same manner as in Example 22 except that the feed of ethylene 
was changed to 60 liters from 170 liters, and the mol ratio of propylene to ethylene in the mixed gas was 
changed to 81/19 from 60/40. 

The amount of the polymer obtained was 900 g. The polymerization activity was 1 50 kg-polymer/mmolZrhr. 
30 The polymer had an ethylene content of 15.4 mol % and an intrinsic viscosity of 1.5 dl/g. In the polymer, 
the triad tactlcity of the propylene unit chain consisting of head-to-tail bonds was 96.7 %, the proportion of the 
inversely inserted units based on the 2,1.insertlon of the propylene monomer was 0.28 %, and the proportion 
of the inversely inserted units based on the 1.3-insertion of the propylene monomer was riot more than 0.03 
%. 

35 The results are shown in Table 1 (I) and (II). 

The film of the copolymer had a heat seal-starting temperature of 80 and a heat seal-starting temper- 
ature after heat treatment of 83 
The results are shown in Table 2. 

40 Example 24 

A 17-liter autodave throughly purged with nitrogen was charged with 8 liters of hexane and 40 ml of hy- 
drogen. After the temperature of the reaction system was elevated to 70 *C, propylene and ethylene were con- 
tinuously fed to the system at a flow rate of 253 liters/hr and a flow rate of 22 liters/hr, respecth^ely, to elevate 
45 the pressure to 6.5 kg/cm^G. 

Then, to the autoclave were added 8 mmol of triisobutylaluminum. 1.8 mmol of methylaluminoxane and 
0,006 mmol (in terms of Zr atom) of rac.dlmethylsllyl-bls{1-{2-dlmethyM.pheny«ndenyl))2lrconlum dtehloride 
to polymerize the monomets at 70 "C for 30 minuets while a mbced gas of propylene and ethytene (mol ratio: 
92/8) was continuously fed to keep the pressure of 6.5 kg/Zcm^-G. After the polymerizatton. the autodave was 
so released, the resulting polymer was recovered In a large amount of methanol, and dried at 110 for 10 hours 
under reduced pressure. 

The amount of the polymer obtained was 700 g. The polymerizaUon activity was 1 17 kg-polymer/mmolZr hr. 
The polymer had an ethylene content of 6.0 mol % and an intrinsic viscosity {t|) of 2.0 dl/g. In the polymer, the 
triad lacticity of the propylene untt chain consisting of head-to-tail bonds was 97.5 %. the proportion of the 
Inversely inserted unlU baaed on the 2.1-lnsertlon of the propylene nwnomer was 0.18 %. and the proportion 
of the Inversely Inserted units based on the 1 ,3-lnsertton of the propylene monomer was not more than 0.03 
%. 

The results are shown in Table 1 (|) and (II). 
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The film of the copolymer had a heat seal-starting temperature of 112 and a heat seal-starting temper- 
ature after heat treatment of 115 "C. 
The results are shown in Table 2. 

5 



Table 1(1) 



10 




Comonomer 
Kind concent 


Yield 

<q) 


Polymerization 
Activity 

♦1 


[Tl] 
(dl/g) 


15 


Ex . 2 
Ex. 3 


- - 


51 .3 
60.7 


4 .02 
31.1 


3.37 
3.01 




Comp. 
Ex . 1 






O it 

2 . 4 


4 .05 


20 


Ex. 4 
Ex. 5 
Ex. 6 


ethylene 3 . 9 
ethylene 8.7 
ethvlene 28.9 


5.62 
6.63 
8.95 


33.7 
39.8 
53.7 . 


1.80 
1.66 
1.34 


25 


Ex. 8 
Ex. 9 


ethvlene 7.9 


20.2 
2.08 


iO.4 
12.5 


3,08 
1.39 


30 


Ex. 14 
Ex. 15 
Ex. 16 
Ex. 17 




23.4 
24.6 
19.9 
14.5 


12.0 
12.6 
10.2 
7.4 


2.92 
3.05 
3.13 
3.47 


Ex. 18 
Ex. 19 


1-butene 20.2 
1-octene 6.7 


52.1 
5.4 


149 
5.4 


1. 90 
1.44 


35 


Ex. 20 
Ex. 21 


ethylene 4.7 
ethvlene 2.5 


7000 
25.4 


117 
25 


2.7 
3.1 




Ex. 22 
Ex. 23 
Ex. 24 


ethylene 33.6 
ethylene 15.4 
ethvlene 6.0 


660 
900 
700 


143 
150 
117 


1.4 
1.5 

2.0 



40 



*1: kg-polymer/mmol-2r -hr 
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Table 1 (II) 







mm Fraction 


Proportion of inversely inserted units 


Mw/Mn 


5 






2,1 -insertion (%) 


1.3-inseftion (%) 






Ex.2 


99.7 


0.10 


<0.03 


2.22 




Ex.3 


99.5 


0.15 


<0.03 


Z18 


10 


Comp. Ex.1 


98.6 


0.33 


<0.03 


2.18 




Ex.4 


99.3 


0.12 




2.15 




Ex.5 


99.2 


0.12 


<0.03 


Z46 


1$ 


Ex.6 


98.5 


0.09 




1.95 




Ex8 


99.7 


0.12 


<0.03 


2.09 




Ex.9 


99.2 


0.10 




2.33 


30 


Ex. 14 


99.7 




<U.Uo 


Z22 




Ex.15 


99.2 


n 1Q 


<0.U3 


Z10 




Ex.16 


99.5 


0.19 


<0.03 


^19 


25 


Ex.17 


99.7 


0.16 


<0.03 


2.15 




Ex. 18 








2.05 




Ex.19 








Z41 


30 


Ex.20 


97.5 


0.22 


<0.05 






Ex 21 


97.6 


0.22 


<0.0S 






Ex.22 


97.5 


0.27 


<0.03 




35 


Ex. 23 


96.7 


0.28 


<0.03 






Ex 24 


97.5 


0.18 


<0.03 





40 
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Claims 

1. A iransition metal compound of formula <l): 



30 



40 



45 




(3) 

each R'. which may be identical or d teent b ^J^'^ „on«. v*lch may 

wganosllyl gcoup; „^ each a hydrogen atom, a halogen atoiru a hy^ 

to 20 carbon atoms. 

An olefin polymertatlon catalyst «mpda«^^ 
(A) a ttaneition metal compound as defined « aaim i. 
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(B) at least ona compound selected from: 

(B-1) an organoaluminium oxy*compcund. and 

(B-2) a compound which reacts with the transition metal compound of formula (I) to form an ion pair. 

3. An olefin polymerization catalyst according to daim 2 which further comprisas: 

(C) an organoaluminium compound. 

4. An olefin polymerization catalyst according to claim 2 or 3 which further comprisas a fine partida carrier, 
components (A) and (6) being supported on said canrier. 

5. An olefin polymerization catalyst according to daim 2 or 3 which further comprisea a fine partida carrier 
and a prepolymerized olefin polymer produced by prepolymerization. 

6. A process for olefin polymerization comprising polymerizing or copolymerizing an olefin fn the presence 
of an olefin polymerization catalyst as defined in any one of daims 1 to 5. 

7. A process for olefin polymerization comprising polymerizing or copolymerizing an olefin in the presence 
of the olefin polymerization catalyst defined in daim 5 and an organoaluminium compound. 

a. A propylene homopolymer obtainable by polymerizing propylene in the presence of an olefin polymeriza- 
tion catalyst as defined in any one of daims 2 to 5. 

9. A propylene copolymer containing not less than 50% by md of propylene untta, which la obtainable by 
copolymerizing propylene and an a-otef In selected from ethylene and a-olef ins of 4 to 20 carbon atoms 
in the presence of an def in polymerization catalyst as defined in any one of dainm 2 to 5. 

10. A propylene polymer having the fdlowing properties: 

(i) a triad tactidty of propylene units chain, as measured by ^V>NMR. of not less than 99.0%; 

(ii) a proportion of inversdy inserted propylene units, based on 2.1-insertlon of a propylene monomer 
in all propylene insertions, as measured by 'Ki-NMR, of not more than 0.20%; and 

(Ui) an intrinsic viscosity, as measured in decahydronaphthalene at 135*C, of 0.1 to 20 dUg. 

11. A propylene copolymer having the following properties: 

(0 a content of ethylene units of not more than 50% by md; 

(ii) a triad tactidty of propylene units chain consisting of head-to-tail bonds, as measured liy iH>NMR. 

of not less than 98.0%; 

(iii) a proportion of Inversely inserted propylene units, based on 2,1-insertion of a propylene monomer 
In all propylene insertions, as measured by i^C-NMR. of not more than 0.20%; and 

(iv) an intrinsic viscosity, as measured in decahydronaphthalene at 135»C, of 0.1 to 20 dl/g. 

12. A propylene copolymer having the following properties: 

(i) a content of propylene units of 95 to 99.5% by md and a content of ethylene units of 0.5 to 5% by 
mol; 

(ii) a triad tactidty of propylene units chain consisting of head-to-tail bonds, as measured by <«C-NMR, 
of not less than 95.0%; 

(iii) a proportion of inversely inserted propylene units, based on 2.1-insertion of a propylene monomer 
in all propylene insertions, as measured by ^^NMR, of 0.05 to 0.5%; and 

(iv) an intrinsic viscosity, as measured in decahydronaphthalene at 135<*C, of 0.1 to 12 dl/g. 

13. A propylene elastomer having the following properties: 

(0 a content of propylene units of 50 to 95% i^ mol and a content of ethylene units of 5 to 50% by mol; 
(a) a triad tactidty of propylene untts chain consisting of head-to-tail bonds, as measured by ^*C-NMR, 
of not less than 90.0%; 

(iii) a proportion of inversely inserted propylene units, baaed on 2.1-insertion of a propylene monomer 

in all propylene Insertions, as measured by i^C-NMR, of 0.05 to 0.5%; and 

(Iv) an intrinsic viscosity, as measured in decahydronaphthalene at 135»C, of 0.1 to 12 dl/g. 
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